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EXECUTIVE  SUMMARY 


Problems  and  Obiectiye»t  Following  the  conversion  of  3P-4  to  JP>8  for  use  in  U.S.  and 
NATO  aircraft,  the  Department  of  Defense  (DOD)  has  adopted  the  single  fuel  for  the 
battlefield  concept,  i.e.,  the  use  of  one  fuel  for  combat  in  ground  vehicles  and  equipment 
as  well  as  in  aircraft.  It  became  important  to  determine  the  properties  of  the  chosen 
fuel,  3P-8,  and  other  kerosene-type  aircraft  turbine  fuels,  3P-5  and  3et  A-1,  that  pertain 
to  their  use  in  diesel-powered  equipment. 

Importance  of  Project;  The  evaluation  of  3P-8,  3P-5,  and  3et  A-1  from  worldwide 
sources  was  undertaken  to  assure  the  users  of  diesel-powered  vehicles  and  equipment 
that  these  fuels  can  be  used  with  no  significant  performance  losses. 

Technical  Approach!  To  support  this  initiative,  the  Defense  Fuel  Supply  Center 
requested  that  samples  of  3P-8,  3P-5,  and  3et  A-1  from  worldwide  sources  representing 
tenders  of  products  destined  for  DOD  bases  be  supplied  to  the  Belvoir  Fuels  and 
Lubricants  Research  Facility  at  Southwest  Research  Institute  for  evaluation.  Since  use 
of  these  products  as  diesel  fuels  was  the  primary  interest  of  this  survey,  those  properties 
affecting  diesel  engine  operation  were  evaluated,  i.e.,  cetane  number,  calculated  cetane 
indexes,  kinematic  viscosities  at  and  70°C,  and  volumetric  net  heat  of  combustion. 
These  properties  were  compared  to  the  requirements  of  Federal  Specification  VV-F-800D 
for  diesel  fuel  Grades  DF-A,  DF-1,  DF-2,  and  NATO  F-54,  the  latter  of  which  is  the 
standard  diesel  fuel  used  by  all  NATO  forces.  Several  inspection  tests  were  also 
conducted  on  the  samples,  and  the  data  were  compared  to  that  supplied  by  the  refiners. 

Accomplishments;  In  this  program,  93  samples  of  3P-8,  which  included  2  3et  A-1  and 
63  3P-5  samples,  were  analyzed.  Frequency  histograms  and  other  statistics  for  many 
properties  were  developed  and  are  presented.  The  data  indicate  that  many  of  the  3P-8 
fuels  being  supplied  in  Europe  meet  the  DF-1  viscosity  requirements,  and  several  even 
fall  in  the  DF-A  viscosity  range.  Virtually  all  samples  had  cetane  numbers  of  40  and 
above.  The  3P-5  fuels  being  supplied  in  the  U.5.  meet  the  viscosity  requirements  for  DF- 
1,  but  many  liave  cetane  numbers  below  the  40  minimum  requirement.  The  net  heat  of 
combustion  values  for  the  3P-8  and  3P-5  fuels  tend  to  be  lower  than  those  for  DF-2, 
NATO  F-54,  and  EPA  certification  diesel  fuels. 

Based  on  estimated  volumetric  net  heat  of  combustion  values  for  DF-2,  NATO  F-Jt*,  and 
EPA  certification  diesel  fuels,  and  measured  values  for  3P-8  and  3P-5,  it  would  appear 
that  fuel  consumption  may  increase  when  using  aircraft  turbine  fuels  in  some  diesel 
engines.  Howeve.”,  some  of  the  other  anticipated  benefits  in  using  these  fuels  such  as 
reduced  nozzle  fouling,  reduced  filter  plugging,  improved  low-temperature  handling 
characteristics,  etc.  may  offset  this  lowered  heat  of  combustion  characteristic.  A 
primary  area  of  concern  addressed  in  this  survey  was  the  cetane  quality  of  these  jet 
kerosene  fuels  and  the  cetane  index  method  that  best  predicts  the  cetane  number.  Based 
upon  this  sampling,  the  ASTM  D  976,  Calculated  Cetane  Index,  procedure  provided  better 
correlation  than  the  ASTM  D  4737,  Calculated  Cetane  Index  by  Four  Variable  Equation, 
method. 

Military  Impacts  The  results  of  this  survey  provided  data  to  show  that  aircraft 
kerosene-type  fuels  (3P-8,  3et  A-1,  and  JP-5)  can  be  used  in  diesel-powered  equipment 
with  assurance  that  no  catastrophic  xuel-related  failures  will  occur,  although  an  increase 
in  fuel  consumption  may  be  observed.  The  two  major  benefits  anticipated  will  be  the 
elimination  of  the  need  to  provide  more  than  one  fuel  for  combat  and  assurance  that  the 
fuel  in  the  vehicles  will  not  gel  duo  to  wax  crystallization  during  severe  cold  weather. 
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I.  INTRODUCTION 


For  over  20  yf  ars,  the  U.S.  Army  has  been  converting  the  tactical  vehicle  fleet  to  diesel- 
and  turbine-powered  engines,  and  the  primary  fuel  for  these  engines  is  Federal 
Specification  VV-F-800D,  Fuel  Oil,  Diesel,  Grade  DF-2,  which  is  interchanged  under 
NATO  Code  F-54.  Consequently,  this  fuel  is  used  in  the  Army's  ground  vehicles, 
generators,  and  other  engine-powered  equipment,  as  well  as  in  the  Navy  and  Air  Forc^ 
ground  equipment.  During  the  winter  of  1981-1982,  much  of  the  Army's  fleet  in  Eur^fl 
was  inoperable  as  the  severe  cold  weather  caused  the  fuel  in  lines  and  in  fuel  cellsw) 
congeal  due  to  wax  separation.  During  that  and  subsequent  winters,  this  problem  was 
virtually  eliminated  by  blending  F-54  diesel  fuel  with  a  kerosene-type  fuel  such  as  JP-5 
or  3P-8,  thus  reducing  the  cloud  and  pour  points  of  the  fuel.  The  blend  of  equal  parts  of 
DF-2  (NATO  F-54)  and  either  aP-5  (NATO  F-44),  aP-8  (NATO  F-34),  or  ASTM  3et  A-1 
(F-35),  initially  called  the  "M-1  Fuel  Mix,"  was  recently  assigned  a  new  NATO  code 
number  F-65.  In  recent  years,  the  NATO  forces  have  adopted  the  use  of  3P-8  in  their 
aircraft  throughout  the  European  Theater,  replacing  the  more  volatile  3P-4  fuel.  In 
1975,  a  report  entitled  "Universal  Fuel  Requirements"  recommended  3P-8  as  the  fuel  to 
be  used  year  round  and  world  wide  in  the  Army's  diesel-  and  turbine-powered 
equipment.(U*  The  Navy  had  investigated  the  use  of  JP-5  in  many  of  its  diesel-powered 
vehicIes.(2-4)  3P-5  and  3P-8  are  both  kerosenes  fuels  in  the  same  boiling  range,  the 
principal  difference  being  in  the  flash  point  minimum  limit.  JP-8  has  a  38°C  minimum 
limit  and  the  3P-5  limit  is  60°C  minimum,  primarily  because  of  the  shipboard 
application.  The  report  "3P-8  and  JP-5  as  Compression  Ignition  Engine  Fuels,"  published 
in  1985  by  Belvoir  Fuels  and  Lubricants  Research  Facility  (BFLRF)  located  at  Southwest 
Research  Institute  (SwRI)  confirmed  the  feasibility  of  using  JP-8  in  lieu  of  F-54.(2) 
Recently,  the  "One-Fuel-Forward"  concept  (6)  has  emerged,  and  considerable  work  has 
been  conducted  on  the  application  of  3P-8  to  the  various  Army  engines.  Both  3P-8  and 
JP-5  are  designated  alternate  fuels  for  use  in  compression  ignition  and  turbine  engines  in 
the  Army  Regulation  AR-703-1;  however,  DF-2  remains  as  the  primary  fuel.vO 


♦  Underscored  numbers  in  parentheses  refer  to  the  list  of  references  at  the  end  of  this 
report. 


II.  OBJECTIVE 


The  objective  of  this  program  was  to  determine  the  range  of  values  found  for  certain 
properties  of  3P-8  and  3P>5  that  are  important  for  compression  ignition  engine  operation 
but  are  not  determined  for  fuels  procured  for  aircraft  turbine  engine  application. 


in.  APPROACH 

The  thrust  of  this  work  was  to  measure,  on  a  wide  range  of  3P-S  and  3P*3  samples,  those 
properties  pertaining  to  diesel  engine  operation  thac  are  not  reported  for  aircraft  turbine 
fuels.  The  properties  of  major  interest  were:  the  cetane  qualities  of  3P-8/3P-3  fuels, 
the  cetane  index  correlation  procedure  most  suitable  for  these  fuels,  the  viscosities  at 
temperatures  that  can  be  related  to  fuel  injection  pump  and  diesel  engine  operating 
temperatures,  and  the  volumetric  heat  content  to  provide  an  indication  of  fuel 
consumption.  Beginning  in  March  1987,  the  Defense  Fuel  Supply  Center  (DFSC) 
requested  that  all  suppliers  of  3P-8,  3P^3,  and  3et  A-i  provide  1-gallon  sample  from  each 
tender,  and  a  copy  of  the  DD  Form  250  or  equivalent  containing  the  test  data  for  the 
respective  tender,  to  BFLRF  for  analytical  evaluation.  The  ASTM  procedures  used  were 
cetane  number  by  D  613,  calculated  cetane  index  by  D  976  and  by  D  4737,  kinematic 
viscosities  at  40®  and  70OC  by  D  445,  and  net  heat  of  combustion  by  D  240.  For 
comparison  with  the  data  provided  by  the  refiners,  the  following  ASTM  tests  were 
selected  for  determinations  on  the  samples  received:  API  gravity  and  density  by  D  1298, 
color  by  D  156,  flash  point  by  0  93,  distillation  by  D  86,  and  sulfur  by  nondisperslve  X- 
ray  fluorescence  spectrometry  -  D  4294. 

A  similar  survey  on  a  smaller  scale,  in  which  samples  of  3P-5,  3et  A,  and  3et  A-l  were 
obtained  from  refiners  and  evaluated  for  diesel  fuel  as  well  as  aircraft  turbine  fuel 
properties,  had  been  conducted  at  BFLRF  and  reported  in  1982.(8) 
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IV.  DISCUSSION  OP  RESULTS 


A.  Properties  of  3P-8  Samples  Ev?iiuated 

A  total  of  91  samples  of  3P-8  and  2  of  3et  A-1  representing  tenders  of  these  products 
obtained  through  DFSC  were  received  at  BFLRF  and  evaluated  for  selected  properties  as 
described  In  Section  III.  Most  of  the  samples  came  from  refineries  in  Europe,  and  their 
sources  were  identified  as  follows: 


Location 


No.  of 
Samples 


Britain 

1 

Kiliingholme,  England 

2 

Greece 

1 

St.  Theodori,  Greece 

21 

Athens,  Greece 

1 

Huelva,  Spain 

11 

Norco,  Louisiana 

2 

Singapore 

1 

Rotterdam,  Netherlands 

26 

Port  Jerome,  France 

9 

Priolo,  Sicily 

8 

Castallon,  Spain 

3 

West  Germany 

4 

Pohang,  Korea  (Jet  A-1) 

Ft.  Belvoir,  VA  (from  PM  Mobile 

2 

Electric  Power  Office) 

1 

TABLE  i  lists  the  3P-S  samples  evaluated,  showing  their  identification  code,  source, 
date  sampled  (if  known)  and  date  received  at  BFLRF.  The  Jet  A-1  fuels  are  included  in 
this  list  and  throughout  the  report  with  the  3P-8  samples.  The  data  of  special  interest  to 
this  program  are  presented  in  TABLE  2,  which  is  divided  into  two  parts.  In  Part  1  are 
those  analytical  properties  that  were  measured  primarily  for  comparison  with  the 
suppliers'  data.  Part  2  contains  the  data  more  closely  related  to  the  utilization  of  3P-8 
as  a  diesel  fuel.  TABLE  3  contains  partial  specification  requirements  for  3P-8,  arctic 
diesel  fuel  (DF-A),  DF-1,  and  NATO  F-54,  as  well  a  summary  of  the  data  in  Parts  I  and  2 
of  TABLE  2,  and  shows  average,  maximum,  and  minimum  values  and  standard  deviation 
for  each  property. 


TABLE  1.  Sowce  ot  3P-8  Samples 


Lab  Cod' 


Location 


Sample  Date 


Date  Received 


AL-1 5050-1’ 

AL-uas'i-r 

AL-15996-F 

AL-16025-F 

AL-1606‘»-F 

AL-16091-F 

AL-16234-F 

AL-16236-F 

AL-16242-F 

AL-16253-F 

AL-16254-F 

AL-16255-F 

AL-16256-F 

AL-1641&-F 

AL-16449-F 

AL-1645Q-F 

AL-16466-F 

AL-16536-F 

AL-16662-F 

AL-16663-F 

AL-16676-F 

AL-16677-F 

AL-i.'S74i-F 

AL-16742-F 

AL-16743-F 

AL-16770-F 

AL-16771-F 

AL-I6S44-F 

AL-16965-F 

AL-17034-F 

AL-17042-F 

AL-170S7-F 

AL-17102-F 

AL-17107-F 

AL-17U4-F 

AL-17115-F 

AL-17129-F 

AL-17130-F 

AL-1713UF 

AL-17132-F 

AL-17186-F 

AL-17215-F 

AL-17220-F 

AL-1722&-F 

AL-17229-F 

AL-1723Q-F 

AL-17231-F 


Britain 

Greece 

St  Theodori,  Greece 
St  Theodori,  Greece 
Huelva,  Spain 
Norco,  Louisiana 
Singapore 
Norco,  Louisiana 
Ft.  Belvoir,  Virginia 
Rotterdam,  Netherlands 
Rotterdam,  N^.., 'Hands 
Rotterdam,  Netherlands 
Rotterdam,  Netherlands 
Huelva,  Spain 
Rotterdam,  Netherlands 
Rotterdam,  Netherlands 
St  Theodori,  Greece 
Rotterdam,  Netherlands 
St  Theodori,  Greece 
St  Theodori,  Greece 
Huelva,  Spain 
Port  Jerome,  France 
Rotterdam,  Netherlands 
Rotterdam,  Netherlands 
Rotterdam,  Netherlands 
Port  Jerome,  France 
St  Theodori,  Greece 
Port  Jerome,  France 
Priolo,  Sicily 
Port  Jerome,  France 
Rotterdam,  Netherlands 
Castellon,  Spain 
Pohang,  Korea  (Jet-A-1) 
Pohang,  Korea  (Jet-A-l) 
St  Theodori,,  Greece 
St  Theodori,  Greece 
Rotterdam,  Netherlands 
Rotterdam,  Netherlands 
Rotterdam,  Netherlands 
Rotterdam,  Netherlands 
Priolo,  Sicily 
Port  Jerome,  France 
Castellon,  Spain 
St  Theodori,  Greoce 
St  Theodori,  Greece 
St  Theodori,  Greece 
Priolo,  Sicily 


03-30-87 

04-07-87 

04-13-87 

05-20-87 

05-11-87 

06-23-87 

06-02-87 

06-11-87 

06-24-87 

06-24-87 

06-16-87 

07-13-87 

07-13-87 

07-22-87 

08-13-87 

09-07-87 

09-01-87 

08-17-87 

08-27-87 

09-10-87 

09-13-87 

09-07-87 

10-04-87 

09-27-87 

10- 22-87 

11- 14-87 

12- 03-87 

11- 30-87 

12- 01-87 
11-16-87 
11-23-87 

11- 30-87 
n-04-87 
01-01-88 

12- 29-87 
12-31-87 
01-01-88 
01-02-88 
01-15-88 
01-11-88 
01-13-88 
01-26-88 
12-21-87 
01-25-88 


04-28-86 

02-17-87 

04-14-87 

04-28-87 

05-18-87 

05-29-87 

06-26-87 

06-29-87 

07-07-87 

07-09-87 

07-09-87 

07  09-87 

07-09-87 

07-17-87 

07-30-87 

07-30-87 

08-11-87 

08-25-87 

09-18-87 

09-18-87 

09-24-87 

09-24-87 

10-07-87 

10-07-87 

10-07-87 

10-15-87 

10- 15-87 

11- 18-87 

12- 09-87 
12-15-87 
12-22-87 
01-07-88 
01-13-88 
01-13-88 
01-18-88 
01-18-88 
01-28-88 
01-28-88 
01-28-88 
01-28-88 
02-03-88 
02-08-88 
02-10-88 
02-17-88 
02-17-88 
02-17-88 
02-18-88 
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T^.BLE  1.  Source  of  3P-S  Samples  (Continued) 


Lab  Code 

Location 

Sample  Date 

AX-17259-F 

Pert  Oerome,  France 

02-14-88 

AL-17260-F 

Priolo,  Sicily 

02-08-88 

AL-17409-F 

Port  Jerome,  France 

02-08-88 

AL-17426-F 

St.  Theodori,  Greece 

02-23-88 

AL-17493-F 

Rotterdam,  Netherlands 

02-18-88 

AL-17494-F 

Rotterdam,  Netherlands 

03-01-88 

AL-17495-F 

Rotterdam,  Netherlands 

02-27-88 

AL-17498-F 

Rotterdam,  Netherlands 

03-14-88 

AL-17505-F 

Priolo,  Sicily 

03-27-88 

AL-17533-F 

St.  Theodori,  Greece 

03-15-88 

AL-17534-F 

St.  Theodori,  Greece 

03-15-88 

AL-17542-F 

V/est  Germany 

04-18-88 

AL-17591-F 

Rotterdam,  Netherlap'’> 

03-30-88 

AL-17592-F 

Rotterdam,  Netherlands 

03-30-88 

AL-17593-F 

St.  Theodori,  Greece 

04-25-88 

AL-17594-F 

St.  Theodori,  Greece 

04-05-88 

AL-17601-F 

West  Germany 

04-27-88 

AL-17616-F 

Castellon,  Spain 

03-27-88 

AL-17617-F 

Huelva,  Spain 

01-04-88 

AL-17618-F 

Huelva,  Spain 

02-09-88 

AL-17619-F 

Huelva,  Spain 

01-21-88 

AL-17623-F 

Rotterdam,  Netherlands 

04-24-88 

AL-17624-F 

Rotterdam,  Netherlands 

03-14-88 

AL-17625-F 

Rotterdam,  Netherlands 

04-18-88 

AL-17627-F 

Priolo,  Sicily 

04-11-88 

AL-17638-F 

Port  Jerome,  France 

05-04-88 

AL-17725-F 

West  Germany 

05-27-88 

AL-17736-F 

St.  Theodori,  Greece 

05-13-88 

AL-17737-F 

St.  Theodori,  Greece 

05-22-88 

AL-17738-F 

St.  Theodori,  Greece 

05-27-88 

AL-17767-F 

Priolo,  Sicily 

05-25-88 

AL-17792-F 

Port  Jerome,  France 

06-16-88 

AL-17828-F 

Huelva,  Spain 

06-15-88 

AL-17829-F 

Huelva,  Spain 

06-15-88 

AL-17830-F 

Huelva,  Spain 

06-23-88 

AL-17835-F 

West  Germany 

06-29-88 

AL-17907-F 

Killingholme,  England 

07-11-88 

AL-17908-F 

Killingholme,  England 

07-11-88 

AL-18105-F 

St.  Theodori,  Greece 

06-25-88 

AL-18116-F 

Rotterdam,  Netherlands 

07-13-88 

AL-18123-F 

Priolo,  Sicily 

07-02-88 

AL-18133-F 

Huelva,  Spain 

07-14-88 

AL-18134-F 

Huelva,  Spain 

07-14-88 

AL-18144-F 

Athens,  Greece 

07-26-88 

AL-18147-F 

Rotterdam,  Netherlands 

08-04-88 

AL-18157-F 

Rotterdam,  Netherlands 

08-12-88 

Date  Received 

02-24-88 

02-24-88 

02-24-88 

03-29-88 

04-01-88 

04-01-88 

04-01-88 

04-05-88 

04-07-88 

04-20-88 

04-20-88 

04-25-88 

05-09-88 

05-09-88 

05-09-88 

05-09-88 

05-12-88 

05-17-88 

05-17-88 

05-17-88 

05-17-88 

05-19-88 

05-19-88 

05-19-88 

05-20-88 

05-24-88 

06-08-88 

06-14-88 

06-14-88 

06-14-88 

06-21-88 

06-29-88 

07-18-88 

07-18-88 

07-18-88 

07-19-88 

07-27-88 

07-27-88 

07-29-88 

08-01-88 

08-08-88 

08-16-88 

08-16-8C 

08-23-88 

08-24-88 

09-01-88 
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TABLE  2.  Selected  Characteristics  of  DFSC  Santpli  s  of  3P-8  (Part  1) 


Lab  Code 

Gravity, 

OAPI, 

D  1298 

Density, 

kiS/l., 

D  1298 

Color, 
D  156 

■'lash 
Point,  °C, 

D  93 

IBT 

Distillation, 
10%  50% 

D  86 
90% 

EP 

Sulfur, 

mass%, 

D  4294 

AL-13050-F 

43.2 

O.SIO 

+23 

51 

159 

181 

211 

246 

275 

0.05 

AL-15854-F 

46.1 

0.796 

0 

46 

156 

174 

198 

232 

256 

0.07 

AL-15996-F 

46.0 

0.797 

+17 

42 

149 

169 

198 

239 

259 

0.20 

AL-16023-F 

43.9 

0.797 

+30 

42 

153 

173 

198 

236 

259 

0.12 

AL-16064-F 

42.6 

0.812 

+11 

48 

159 

176 

209 

250 

276 

0.08 

AL-16091.F 

41.3 

0.818 

+30 

48 

161 

179 

209 

246 

266 

0.03 

AL-16234-F 

44.8 

0.802 

+30 

42 

149 

166 

202 

253 

281 

0.08 

AL-16236-F 

41.9 

0.816 

+30 

51 

163 

182 

209 

244 

263 

0.02 

AL-16242-F 

41.3 

0.819 

-16 

47 

169 

184 

222 

253 

297 

0.05 

AL-16253-F 

46.3 

0.795 

>  +30 

51 

166 

180 

202 

237 

260 

<  0.01 

AL-16254-F 

43.9 

0.806 

+30 

49 

163 

181 

207 

243 

267 

<  0.01 

AL-I623j-F 

43.8 

0.798 

+30 

48 

165 

179 

204 

240 

264 

<  0.01 

AL-16236-F 

43.6 

0.808 

+30 

49 

164 

181 

208 

243 

271 

<  0.01 

AL-J5418-F 

45.1 

0.801 

+30 

54 

172 

188 

210 

239 

262 

0.13 

AL-16449-F 

45.5 

0.799 

+30 

49 

164 

180 

206 

242 

264 

<  0.01 

AL-16430-F 

45.3 

0.800 

+30 

51 

166 

181 

212 

241 

266 

<  0.01 

AL-16466-F 

45.6 

0.799 

0 

39 

149 

172 

202 

240 

260 

0.23 

AL-16336-F 

45.5 

0.799 

+30 

51 

167 

182 

204 

237 

261 

c  0.01 

AL>16662-F 

46.0 

0.797 

+2 

43 

154 

173 

199 

234 

256 

0.16 

AL-16663-F 

45.1 

0.801 

+2 

43 

157 

i76 

203 

238 

261 

0.18 

AL-16676-F 

41.4 

0,818 

+  19 

51 

163 

183 

213 

249 

276 

0.03 

AL-16677.F 

46.2 

0.796 

+30 

41 

148 

173 

196 

227 

248 

0.06 

AL.16741-F 

46.2 

0.796 

>  +30 

51 

161 

179 

202 

235 

263 

<  0.01 

AL.16742-F 

45.8 

0.798 

>  +30 

51 

163 

180 

202 

237 

258 

<  0.01 

AL.16743-F 

46.2 

0.796 

>  +30 

48 

158 

176 

199 

236 

260 

<  0.01 

AL-16770-F 

47.4 

0.791 

+30 

36 

151 

170 

193 

225 

248 

0.04 

AL.16771-F 

46.6 

0.794 

+15 

41 

155 

172 

199 

234 

253 

0.18 

AL-16844-F 

46.9 

0.793 

+30 

41 

147 

168 

192 

224 

239 

0.06 

AL-16963-F 

46.6 

0.794 

>  +30 

41 

153 

171 

194 

226 

251 

0.10 

AL-17034-F 

47,6 

0.790 

+30 

39 

144 

173 

195 

223 

235 

0.07 

AL-17042-F 

45.1 

0.801 

>  +30 

51 

163 

178 

203 

242 

263 

<  0.01 

AL-17087-F 

42.7 

0.812 

+30 

46 

154 

173 

206 

246 

261 

0.15 

AL-17102-F 

46.3 

0.796 

>  +30 

47 

156 

170 

189 

222 

238 

0.05 

AL-17107-F 

47.4 

0.791 

>  +30 

41 

152 

166 

183 

216 

245 

0.09 

AL-17U4-F 

47.1 

0.792 

+  17 

42 

154 

173 

195 

229 

251 

0.13 

AL-17U3-F 

47.1 

0.792 

+  17 

43 

153 

173 

194 

229 

249 

0.12 

AL-17129-F 

46,3 

0.796 

+30 

52 

167 

182 

203 

238 

271 

<  0.01 

AL-17130-F 

46.1 

0.796 

+30 

49 

164 

179 

202 

238 

268 

;  0.01 

AL-17131-F 

44.9 

0.802 

+30 

49 

163 

179 

204 

242 

275 

<  0.01 

AL-17132-F 

45.7 

0.798 

+30 

50 

164 

180 

203 

239 

269 

<  0.01 

AL-17186-F 

49.3 

0.782 

+30 

38 

151 

167 

186 

221 

250 

0.11 

AL-17213-F 

46.9 

0.793 

+30 

37 

150 

172 

194 

225 

254 

0.06 

AL-17220-F 

42.0 

0.815 

+30 

41 

144 

167 

204 

248 

274 

0.10 

AL-17228-F 

45.3 

0.800 

+  12 

43 

151 

174 

200 

234 

253 

0.13 

AL-17229-F 

46.3 

0.796 

+  17 

43 

154 

174 

195 

227 

250 

0.11 

AL-17230-F 

46.5 

0.795 

+  14 

44 

149 

172 

198 

234 

253 

0.16 

AL-17231-F 

49.5 

0.781 

+21 

38 

145 

165 

186 

221 

246 

0.08 

AL-17259-F 

46.3 

0.796 

+30 

35 

144 

171 

194 

225 

247 

0.08 

TABLE  2.  Selected  Characteristics  of  DFSC  Samples  of  3P-S  (Part  1) 

(Continued) 


Gravity,  Density,  Flash  Sulfur, 

OAPI,  kg/L,  Color,  Point,  _ Distillation,  D  86  mass%, 


Lab  Code 

D  1298 

D  1298 

D  156 

D  93 

10% 

50% 

90% 

EP 

D  4294 

AL-17260-F 

48.8 

0.785 

+30 

41 

148 

168 

190 

224 

248 

0.08 

AL-17409-F 

47.4 

0.791 

+30 

39 

148 

172 

196 

226 

242 

0.05 

AL-17425-F 

46.4 

0.795 

+  10 

43 

155 

174 

197 

231 

252 

0.09 

AL-17426-F 

45.4 

0.800 

+2 

41 

151 

173 

201 

238 

255 

0.12 

AL-17493-F 

45.3 

0.800 

+30 

51 

164 

179 

202 

238 

261 

<  0.01 

AL-17494-F 

44.8 

0.802 

+30 

50 

162 

179 

203 

239 

266 

<  0.01 

AL-17495-F 

44.9 

0.802 

+30 

49 

161 

177 

203 

240 

263 

<0.01 

AL-17498-F 

45.6 

0.799 

+30 

51 

163 

178 

202 

238 

268 

<  0.01 

AL-17505-F 

49.5 

0.781 

+22 

39 

150 

166 

185 

220 

257 

0.08 

AL-17533-F 

47.2 

0.792 

+  12 

45 

161 

177 

192 

216 

241 

0.06 

AL-17534-F 

46.5 

0.795 

+  10 

41 

157 

176 

195 

227 

252 

0.10 

AL-17542-F 

46.1 

0.796 

+30 

45 

155 

177 

200 

227 

231 

0.02 

AL-17591.F 

43.9 

0.806 

+30 

53 

168 

184 

207 

238 

264 

0.01 

AL-17393-F 

46.1 

0.796 

+  17 

39 

155 

174 

202 

237 

256 

0.14 

AL-17594.F 

46.4 

0.795 

+  15 

44 

156 

176 

202 

238 

257 

0.06 

AL-17601.F 

46.8 

0.793 

>  +30 

46 

158 

177 

200 

230 

252 

0.09 

AL-17616-F 

45.0 

0.801 

>  +30 

38 

150 

162 

192 

248 

271 

0.09 

AL-17617-F 

43.6 

0.808 

+  17 

44 

160 

177 

208 

252 

276 

0.13 

AL-17618-F 

40.8 

0.821 

+  13 

46 

160 

178 

214 

256 

279 

0.15 

AL-17619-F 

43.9 

0.806 

+  18 

43 

153 

171 

205 

250 

274 

0.18 

AL-17623-F 

44.9 

0.802 

>+30 

53 

168 

183 

206 

238 

258 

<0.01 

AL-17624-F 

45.8 

0.798 

>  +30 

51 

167 

179 

201 

234 

254 

<0.01 

AL-17625-F 

43.7 

0.807 

>+30 

49 

160 

178 

207 

242 

262 

<0.01 

AL-17627-F 

49.3 

0.782 

+22 

39 

149 

167 

187 

219 

244 

0.05 

AL-17638-F 

46.6 

0.794 

>+30 

41 

149 

173 

196 

224 

242 

0.04 

AL-17725-F 

46.4 

0.795 

>+30 

46 

158 

175 

198 

226 

244 

0.06 

AL-17736-F 

46.5 

0.795 

+  15 

43 

154 

172 

200 

237 

254 

0.15 

AL-17737-F 

46.2 

0.796 

+  12 

43 

154 

173 

200 

236 

253 

0.17 

AL-17738-F 

46.0 

0.797 

+6 

41 

152 

172 

201 

236 

254 

0.16 

AL-17767.F 

49.0 

0,784 

+20 

41 

151 

167 

187 

219 

243 

0.04 

AL-17792-F 

47.4 

0.791 

>  +30 

41 

151 

171 

193 

223 

241 

0.02 

AL-17828-F 

40.9 

0.820 

+  12 

52 

166 

187 

216 

249 

269 

0.04 

AL-17829-F 

42.4 

0.813 

+  18 

53 

169 

187 

212 

245 

266 

0.13 

AL-17830-F 

42.9 

0.811 

+  18 

53 

170 

188 

212 

244 

264 

0.28 

AL-17835-F 

44.7 

0.807 

+30 

43 

151 

162 

179 

219 

252 

0.01 

AL-17907-F 

44.7 

0.803 

>+30 

44 

154 

175 

202 

226 

247 

<0.01 

AL-17908-F 

44.9 

0.802 

>+30 

44 

154 

174 

200 

225 

244 

<0.01 

AL-18105-F 

45.6 

0.799 

0 

44 

157 

176 

202 

238 

256 

0.16 

AL-18116-F 

45.1 

0.801 

>+30 

52 

167 

181 

206 

239 

261 

<0.01 

AL-18123-F 

48.7 

0.785 

+23 

39 

150 

167 

188 

222 

243 

0.04 

AL-18133-F 

40.8 

0.821 

+  18 

54 

170 

189 

216 

249 

269 

0.06 

AL-18134-F 

41.1 

0.819 

+  19 

57 

174 

191 

216 

247 

266 

0.07 

AL-18144-F 

46.0 

0.797 

+  15 

44 

156 

175 

200 

232 

249 

0.10 

AL-18147-F 

44.9 

0.802 

+30 

52 

163 

179 

204 

237 

254 

<0.01 

AL-18157-F 

45.5 

0  .799 

+30 

61 

172 

183 

206 

237 

252 

<0.01 
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TABLE  2.  Selected  Characteristics  of  DFSC  Samples  of  JP-8  (Part  2) 


Lab  Code 

Cetane 

No., 

D6I3 

Cetane 

Index, 

D976 

F.V.E.* 

Cetane 

Index, 

D  4737 

Kin  Vif 
@  40«C, 
cSt, 

D  443 

Kin  Vis 
@  70«C 
cSt, 

D  445 

AL-1J030-F 

42 

43 

46 

1.39 

0.93 

AL-I5S34-F 

44 

45 

47 

1.24 

0.86 

AL-1J996-F 

43 

43 

47 

1.21 

0.89 

AL-16023-F 

46 

43 

47 

1.23 

0.86 

AL-U064-F 

44 

43 

44 

1.37 

0.92 

AL-16091-F 

40 

41 

42 

1.41 

0.95 

AL-I6234-F 

43 

44 

46 

1.23 

0.88 

AL-16236-F 

42 

42 

43 

1.42 

0.96 

AL-I6242-F 

42 

46 

43 

1.38 

1.06 

AL-162.i3F 

48 

48 

30 

1.27 

0.88 

AL-i62i4-F 

46 

43 

46 

1.36 

0.93 

AL-I6233-F 

46 

47 

49 

1.29 

0.90 

AL-16236-F 

43 

43 

46 

1.37 

0.94 

AL-16tl8-F 

32 

48 

30 

1.36 

0.94 

AL-16449-F 

47 

47 

49 

1.32 

0.92 

AL-164J0-F 

47 

47 

30 

1.32 

0.92 

AL-16464-F 

47 

46 

47 

1.23 

0.82 

AL-1633i-F 

47 

47 

48 

1.29 

0.90 

AL-i6662-F 

46 

46 

47 

1.23 

0.83 

AL-i6663-F 

43 

46 

47 

1.27 

0.87 

AL-16676-F 

43 

43 

43 

1.46 

0.98 

AL-16677-F 

45 

45 

46 

1.18 

0.83 

AL-16741-F 

46 

47 

49 

1.28 

0.89 

AL-16742-F 

43 

46 

48 

1.28 

0.89 

AL-16743-F 

45 

46 

48 

1.23 

0.86 

AL-16770-F 

43 

45 

48 

I.  14 

0.81 

AL-16771-F 

46 

47 

49 

1.20 

0.84 

AL-16844-F 

43 

44 

46 

1.14 

0.81 

AL-16963-F 

43 

44 

46 

1.16 

0.82 

AL-17034-F 

45 

47 

49 

1.13 

0.80 

AL-i7042-F 

43 

46 

47 

1.28 

0.89 

AL.17087.F 

42 

42 

43 

1.31 

0.91 

AL-17102-,' 

42 

42 

44 

1.11 

0.79 

AL-17107.F 

42 

41 

44 

1.06 

0.73 

AL-17114-F 

46 

46 

48 

1.17 

0.83 

AL-1711J-F 

4' 

46 

48 

1.17 

0.83 

AL-17129-F 

47 

48 

30 

1.27 

0.89 

AL.17I30-F 

47 

47 

49 

1.26 

0.88 

AL-17131-F 

43 

43 

47 

1.29 

0.90 

AL-I7132-F 

43 

47 

48 

1.27 

0.89 

AL-I7i86-F 

43 

43 

49 

1.03 

0.75 

AL-1721J.F 

43 

45 

47 

1.14 

0.81 

AL-17220.F 

40 

40 

41 

1.30 

0.90 

AL-17228.F 

44 

45 

43 

1.24 

0.87 

AL-17229-F 

44 

44 

46 

1.21 

0.83 

AL-17230-F 

44 

46 

48 

1.23 

0.86 

AL-17231-F 

48 

46 

49 

1.09 

0.78 

AL-i72}9-F 

44 

44 

46 

1.16 

0.83 

AL-17260-F 

46 

47 

49 

1.13 

0.81 

Heat  of  Combustion 

Percent 

Percent 

Percent 

M3/I<g, 

Btu/lb, 

Btu/gal.,** 

Aromatics, 

Olefins, 

Hydrogen, 

D  240 

D  240 

D240 

D  1319 

D  1319 

D  3178 

43.034 

18301 

124771 

18.6 

1.6 

13.8 

43.005 

18489 

122638 

15.0 

1.7 

14.1 

42.829 

18423 

122207 

12.6 

O.l 

14.0 

43.047 

18307 

122903 

14.0 

0.1 

14.0 

42.983 

18480 

123034 

15.5 

3.5 

13.5 

42.810 

18403 

123338 

13.0 

1.3 

13.6 

42.838 

18417 

123062 

15.0 

1.0 

13.8 

42.882 

18436 

125254 

i/.O 

1.0 

13.8 

42.775 

18390 

125383 

20.8 

1.4 

13.6 

43.112 

18534 

122638 

16.3 

<1.0 

14.1 

43.069 

18316 

124353 

17.0 

<1.0 

13.8 

43.168 

18559 

123325 

16.0 

<1.0 

13.8 

42.946 

18463 

124219 

16.3 

<1.0 

14.2 

42.992 

18483 

123300 

16.0 

2.0 

14.0 

43.075 

18519 

123262 

15.1 

<1.0 

14.0 

43.175 

18562 

123679 

15.9 

<1.0 

13.9 

42.868 

18430 

122596 

18.9 

1.1 

13.8 

<;3.118 

18537 

123382 

16.3 

<1.0 

14.1 

4.J.924 

18454 

1224/9 

16.3 

0.2 

14.0 

42.803 

18403 

122766 

16.0 

0.5 

13.8 

42.898 

18443 

125671 

19.8 

0.5 

13.7 

43.029 

18499 

122648 

16.8 

1.6 

14.1 

43.115 

18536 

122894 

16.0 

<1.0 

14.1 

43.110 

18334 

123138 

16.3 

<1.0 

13.9 

43.003 

18488 

122375 

16.0 

<1.0 

14.1 

42.998 

18486 

121730 

17.5 

0.3 

14.1 

42.901 

18444 

122007 

13.0 

0.2 

14.0 

43.035 

18302 

122187 

17.8 

1.0 

13.6 

43.069 

18316 

122483 

15.7 

1.2 

13.9 

43.006 

18489 

121621 

17.3 

1.7 

13.8 

43.118 

18537 

122270 

18.9 

1.7 

13.9 

42.923 

18434 

124804 

14.7 

1.7 

13.5 

43.040 

18304 

122608 

18.8 

0.3 

13.7 

42.994 

18484 

121717 

18.6 

0.1 

13.8 

43.138 

18346 

122329 

17.2 

1.8 

14.0 

43.082 

18322 

122171 

16.1 

1.7 

14.0 

43.078 

18320 

122714 

17.0 

<1.0 

13.9 

43.131 

18343 

122996 

16.3 

<1.0 

13.8 

43.182 

18363 

123996 

13.0 

<1.0 

13.8 

43.273 

18604 

123679 

13.9 

0.8 

13.9 

43.082 

18322 

120689 

12.6 

0.2 

14.1 

42.784 

18394 

121474 

18.7 

0.9 

13.8 

42.775 

18390 

124868 

20.5 

1.4 

13.4 

42.880 

18435 

122832 

14.8 

0.2 

13.8 

43.082 

18322 

122727 

16.3 

0.6 

14.0 

43.115 

18336 

122671 

17.5 

1.4 

13.8 

43.054 

18310 

120482 

12.4 

0.3 

14.1 

42.861 

18427 

122097 

18.9 

1.1 

13.7 

43.115 

18336 

121114 

13.3 

0.2 

14.0 

*  F.V.E.  =  Four  viriabi«  Equation. 

**  Btu/gaU  it  obtained  by  multiplying  density  in  Ib/gal.  units  by  Btu/ib.  API  gravity  is  converted  to  Ib/gal.  using  A5TM-IP  Petroleum 
Measurement  Tables. 
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TABLE  2.  Selected  Characteristics  of  DFSC  Samples  of  JP-8  (Part  2) 

(Continued) 


F.V.E.*  Kin  VI*  Kin  VU 

Cetane  Cetane  Cetane  (g  40®C,  (§  70°C,  Heat  ot  Combuitlon,  Percent  Percent  Percent 


No., 

Index, 

Index, 

cSt, 

cSt, 

M3/kg, 

Btu/lb, 

Btu/gal.,»» 

Aromatics, 

Oleilns, 

Hydrogen, 

Lab  Code 

D  613 

D  976 

D  4737 

D  443 

D  443 

P  240 

P  240 

D  240 

D  1319 

P  1319 

P  3178 

AL-I7409-F 

43 

47 

49 

1.16 

0.83 

43.098 

18329 

122013 

16.4 

0.7 

13.8 

AL-17<t25-F 

44 

43 

47 

1.22 

0.86 

43.114 

18336 

122743 

14.8 

1.1 

13.9 

AL-17426-F 

44 

43 

47 

1.24 

0.87 

42.960 

18469 

123004 

17.4 

1.5 

13.7 

AL-17493-F 

47 

45 

47 

1.28 

0.89 

43.110 

18334 

123492 

17.0 

<1.0 

13.9 

AL-17494.F 

47 

45 

47 

1.29 

0.90 

43.219 

18581 

124158 

17.0 

<1.0 

13.8 

AL-17495-F 

46 

43 

47 

1.29 

0.90 

43.089 

18323 

123728 

15.5 

<1.0 

13.8 

AL-I7498-F 

47 

46 

48 

1.26 

0.88 

43.231 

18586 

123634 

17,0 

-1.0 

13.8 

AL-17505-F 

48 

46 

49 

1.09 

0.78 

43.129 

18542 

1 20690 

11.3 

0.3 

14.3 

AL-17J33-F 

46 

43 

47 

1.13 

0.82 

43.224 

18583 

122499 

13.9 

1.5 

13.8 

AL-17534-F 

43 

45 

47 

1.19 

0.84 

43.031 

18500 

122433 

14.2 

1.3 

14.1 

AU-17342-F 

44 

46 

48 

1.21 

0.83 

43.037 

18511 

122783 

16.5 

0.6 

13.7 

AL-17591-F 

43 

45 

46 

1.32 

0.92 

42.971 

18474 

124071 

17.3 

<1.0 

13.8 

AL-17393-F 

46 

47 

49 

1.24 

0.87 

42.991 

18483 

12259$ 

16.6 

1.0 

14.1 

AU-17594-F 

43 

48 

49 

1.24 

0.87 

43.089 

18523 

122673 

13.1 

0.3 

14.0 

AL-17601-F 

43 

47 

49 

1.20 

0.83 

43.034 

18501 

122236 

13.4 

0.7 

14.0 

AL-17616-F 

42 

40 

43 

1.18 

0.84 

42.806 

18403 

122840 

16.6 

0.2 

13.7 

AL-17617-F 

43 

44 

46 

1.33 

0.92 

42.879 

18435 

124031 

21.3 

1.7 

13.8 

AL-17618-F 

44 

42 

42 

1.43 

0.98 

42.708 

18361 

125553 

18.6 

0.6 

13.3 

AL-17619-F 

45 

44 

46 

1.29 

0.90 

42.972 

18474 

124071 

16.9 

0.5 

13.7 

AL-17623-F 

44 

46 

48 

1.31 

0.91 

43.050 

18508 

123615 

17.0 

<1.0 

13.9 

AL-17624-F 

43 

46 

48 

1.25 

0.87 

42.888 

18439 

122527 

17.0 

<1.0 

14.0 

AL-17625.F 

43 

44 

46 

1.32 

0.92 

42.846 

18421 

123883 

17.0 

<1.0 

13.2 

AL-17627-F 

43 

46 

49 

1.10 

0.7S 

43.110 

18334 

120768 

12.0 

0.3 

14.4 

AL-I7638.F 

46 

43 

47 

1.16 

0.82 

43.011 

18492 

122325 

20.4 

‘1.0 

13.8 

AL-1772J.F 

44 

46 

48 

1.19 

0.84 

43.130 

18343 

122792 

15.0 

0.6 

14.0 

AL-17736-F 

46 

47 

49 

1.22 

0.86 

43.015 

18493 

122387 

17.5 

<1.0 

14.1 

AL-17737-F 

46 

46 

48 

1.23 

0.86 

42.978 

18477 

122502 

17.8 

<1.0 

14.0 

AL-17738-F 

47 

46 

48 

1.7.4 

0.87 

43.012 

18492 

122731 

16.8 

<1.0 

14.0 

AL-I7767.F 

47 

46 

49 

1.09 

0.78 

43.212 

18578 

121240 

12.7 

0.3 

14.2 

AL.17792-F 

44 

46 

48 

1.13 

0.80 

43.117 

18537 

122066 

19.9 

0.7 

13.9 

AL-1782$-F 

43 

43 

43 

1.50 

1.02 

42.920 

18432 

126100 

18.4 

2.0 

13.7 

AL-17829-F 

41 

44 

43 

t.44 

0.98 

42.962 

18470 

123134 

19.8 

1.8 

13.7 

AL-17830-F 

47 

45 

46 

1.43 

0.98 

43.010 

18491 

124925 

18.9 

1.5 

13.8 

AL-17835-F 

38 

34 

37 

1.08 

0.78 

42.999 

18486 

124299 

17.2 

1.0 

13.7 

AL-17907-F 

44 

44 

45 

1.23 

0.86 

43.068 

18516 

123798 

18.4 

0.3 

13.8 

AL-17908-F 

45 

44 

43 

1.21 

0.85 

42.986 

18481 

123435 

19.6 

0.3 

13.8 

AL-18105-F 

46 

46 

48 

1.27 

0.88 

43.026 

18498 

123049 

17.0 

2.1 

14.0 

AL-18116-F 

46 

46 

48 

1.32 

0.92 

43.005 

18489 

123340 

17.0 

<1.0 

14.0 

AL-18123-F 

46 

46 

47 

1.12 

0.80 

43.188 

18367 

121372 

10.7 

0.3 

14.2 

AL-18133-F 

44 

42 

43 

1.51 

1.02 

42.968 

18473 

126318 

19.9 

2.3 

13.7 

AL-18134-F 

44 

43 

44 

1.51 

1.02 

42.970 

18473 

126097 

20.0 

2.5 

13.7 

AL-18144-F 

46 

46 

48 

1.23 

0.87 

43.000 

18487 

122698 

15.3 

1.7 

14.0 

AL-18147-F 

45 

45 

47 

1.30 

0.90 

43.032 

18500 

123362 

17.5 

1.0 

13.9 

AL-18157-F 

47 

47 

49 

1.31 

0.91 

43.241 

18590 

123733 

17.5 

1.0 

13.9 

•  F.V.E.  -  Four  Variable  Equation. 

>*  Btu/gal.  1*  obtained  by  multiplying  density  in  Pb/gal.  units  by  Btu/lb.  API  gravity  is  converted  to  Pb/gal.  using  ASTM-IP  Petroleum 
Measurement  Tables. 


TABLE  3.  Summary  of  3P-8  Characteristics 
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Many  3P-8  samples  were  received  from  some  refineries  and  only  I  or  2  from  others.  To 
compare  the  properties  of  the  samples  from  each  refinery,  they  were  grouped  according 
to  their  source,  a  few  selected  properties  were  averaged,  and  ranges  of  these  properties 
were  determined.  These  data  are  shown  in  TABLE  4.  It  is  apparent  that,  in  some  cases, 
samples  from  the  same  refinery  have  virtually  the  same  properties.  However,  in  other 
cases,  different  batches  from  one  refinery  range  widely  in  properties.  From  the  data 
submitted  with  each  sample,  it  was  often  difficult  to  determine  if  similar  fuels  were  in 
fact  from  the  same  batches;  therefore,  no  attempt  to  separate  these  potential 
duplications  from  the  data  base  was  made.  Individual  frequency  histograms  are 
presented  in  the  discussion  of  each  property  in  the  following  subsections.  Frequency 
tabulations,  which  provide  more  detailed  information  for  each  property,  are  given  in 
Appendix  A. 

The  3P-8  sample  properties  reported  by  the  suppiiers  are  tabuiated  in  Appendix  B, 
TABLE  B-1.  These  data  are  sorted  according  to  source,  and  minimum,  maximum,  and 
average  values  for  selected  parameters  are  reported.  Often  the  inspection  report 
showed  data  from  two  or  more  tanks  containing  the  product,  and  for  a  composite  sample. 
When  this  occurred,  TABLE  B-1  shows  multiple  sets  of  data  for  one  AL-code  number. 

1.  Gravity  and  Density 

The  API  gravities  for  the  JP-8  fuels  were  in  a  rather  narrow  range  as  might  be  expected. 
A  frequency  histogram  for  this  property  is  shown  in  Fig.  1.  Densities  of  these  fueis  are 
also  in  a  narrow  range,  and  the  distribution  of  values  for  this  property  is  depicted  in  the 
frequency  histogram  in  Fig.  2. 

2.  Fiash  Point 


The  flash  points  for  the  3P-8  fuels  were  found  to  be  in  a  broad  range.  One  sample  had  a 
flash  point  of  36°C,  which  is  below  the  limit  for  3P-8,  DF-A,  and  DF-1.  The  supplier, 
however,  reported  a  value  of  38°C.  Fig.  3  is  a  frequency  histogram  of  the  flash  point 
vaiues  for  the  3P-8  samples. 

3.  Distillation 


The  summarized  distillation  data  in  TABLE  3  show  there  is  a  variability  in  the  boiiing 
range  for  3P-8  samples  from  different  sources.  Figs.  4  through  8  show  frequency 
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TABLE  4.  Pt-operty  Data  for  JP-^  Samples  From  Different 
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Figure  3-  Frequency  histograrn,  3P-g,  Figure  4.  Frequen^  histogram ,  3P-<, 

flash  point  distillation,  initial  boiling  pwnt 


«  (O  ^  CXI  o 


AONBnoayd 
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histograms  for  distillation  temperatures  at  th^-  ir.>tiol  bulling  point  (IBP),  10-,  30-,  and 
90*percent  recovered,  and  end  point,  respectively. 

4.  Cetane  Number  and  Cetane  Index 

All  the  3P-8  samples  in  this  program  had  cetane  numbers  measured  by  ASTM  0  613  of  UO 
and  above,  except  for  one  sample  that  had  a  cetane  number  of  38.  Fig.  9  is  a  frequency 
histogram  showing  the  distribution  of  cetane  number  values  among  the  3P-8  samples 
evaluated.  Cetane  indexes  v/ere  calculated  by  two  ASTM  methods:  D  976,  "Calculated 
Cetane  Index  of  Distillate  Fuels,"  and  D  4737,  "Calculated  Index  by  Four  Variable 
Equation."  To  remain  consistent  with  the  VV-F-800D  specification  limits,  all  cetane 
number  and  cetane  index  values  were  rounded  to  the  nearest  integer.  Actual  values, 
reported  to  a  tenth  of  a  cetane  number,  are  presented  in  Appendix  C.  The  frequency 
histograms  for  these  two  properties  are  shown  in  Figs.  10  and  11,  respectively.  Linear 
regressions  of  cetane  index,  D  976,  on  cetane  number,  D  613,  and  four  variable  equation 
cetane  index,  D  4737,  on  cetane  number,  D  613,  were  performed  and  are  plotted  in  Figs. 
12  and  13,  respectively.  These  plots  show  the  lines  of  predictability  at  95  percent 
confidence  level  and  the  ideal  correlation  lines.  The  correlation  coefficient  for  D  976  on 
D  613  was  found  to  be  0.75  and  that  for  D  4737  on  D  613  was  0.76,  indicating  that  both 
equations  have  about  the  same  level  of  predictability.  It  would  be  desirable  to  have  a 
correlation  with  a  better  coefficient  for  predicting  the  ignition  characteristics  of  3P-8 
fuels;  however,  at  the  present  time,  these  equations  appear  to  be  the  best  available. 
Since  the  cetane  index,  D  976,  is  easier  to  use,  it  is  the  recommended  correlation. 

Figs.  12  and  13  show  what  appears  to  be  only  32  and  36  data  points,  respectively,  and  yet 
data  for  93  fuels  were  used  in  these  plots.  The  explanation  is  that  many  of  those  points 
represent  data  points  for  several  fuel  samples  that  had  identical  cetane  number  and 
cetane  index  values.  Fig.  12,  or  cetane  number  and  four  variable  equation  cetane  index 
values.  Fig.  13. 


5.  Kinematic  Viscosity 

The  kinematic  viscosities  of  the  3P-8  samples  measured  at  40^0  ranged  from  1.05  to 
i.58  cSt,  and  six  fuels  were  below  the  1.1  minimum  limit  for  DF-A.  Three  fuels 
measured  1.09,  one  was  1.08,  one  was  1.06,  and  the  lowest  was  1.05  cSt.  The  average 
value  for  93  samples  was  1.25  cSt.  Fig.  14  is  a  frequency  histogram  depicting  the 
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Figure  11.  Frequency  histogram,  3P-8,  Figure  12.  Regression  of  cetane  ind 

four  variable  equation,  cetane  D  976,  on  cetane  number,  D  613 

index, D  4737 


Figr’*'e  13.  Regression  of  lour  variable  equation  Figure  14.  Frequency  histogram,  3P-8, 

cetane  index,  D  4737,  on  cetane  number,  D  613  kinematic  viscosity  at  40*^ 


distribution  of  these  values.  Kinematic  viscosities  measured  at  70°C  ranged  from  0.75 
to  1.06  cSt,  and  the  average  was  0.88  cSt.  The  distribution  of  the  kinematic  viscosities 
at  70OC  values  is  shown  in  Fig.  15.  The  viscosities  at  -20°C,  in  most  cases,  were 
reported  by  the  suppliers,  but  when  these  values  were  not  reported,  they  were  extrapo¬ 
lated  from  the  values  at  40°  and  70°C.  The  extrapolated  values  at  100°C  and  -20OC 
were  obtained  using  the  mathematical  relationships  shown  in  Appendix  XI  of  ASTM 
Method  D  341,  "Viscosity  Temperature  Charts  for  Liquid  Petroleum  Products."  Fig.  16  is 
a  frequency  histogram  for  kinematic  viscosity  at  -20OC  of  the  3P-8  sample.  TABLE  5 
lists  the  kinematic  viscosities  of  the  3P-8  samples  at  the  three  temperatures  listed  above 
plus  estimated  viscosities  at  100°C.  Viscosities  at  70°  and  100°C  are  not  generally 
reported;  however,  in  the  testing  program  associated  with  the  conversion  from  DF-2  to 
3P-8,  it  was  of  interest  to  know  these  properties.  It  has  been  estimated  that  under 
normal  operating  conditions,  the  fuel  temperature  in  most  diesel  engines  (that  is,  the 
temperature  of  fuel  within  the  vehicle's  xar.k)  reaches  70°C  (158°F).  Also,  in  engine 
tests  conducted  at  the  U.S.  Army  Tank- Automotive  Command,  the  temperature  of  the 
fuel  entering  the  inlet  to  the  fuel  injector  pump  was  heated  to  910C  (195°F),  perhaps  the 
most  extreme  highest  fuel  temperature  to  be  anticipated. 

6.  Sulfur  Content 


Determinations  for  sulfur  content  showed  that  the  JP-8  fuels  have  a  low  average  sulfur 
content.  The  distribution  of  this  property  is  presented  in  the  frequency  histogram  in 
Fig.  17,  which  shows  a  large  number  of  these  samples  at  0.01  wt%  sulfur. 

7.  Net  Heat  of  Combustion 


The  net  heat  of  combustion  was  determined  for  the  93  JP-S  samples  and  reported  in 
three  different  units:  M3/kg,  Btu/lb  and  Btu/gal.  The  distribution  of  the  values  for 
Btu/lb  is  shown  in  Fig.  18  and  that  for  Btu/gal.,  in  Fig.  19. 

8.  Aromatics  and  Olefins 


Hydrocarbon-type  analyses  for  the  JP-8  samples  were  reported  by  the  refiners,  and 
frequency  histograms  for  the  aromatic  and  olefin  content  of  these  fuels  are  shown  in 
Figs.  20  and  21,  respectively. 
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TAi'^LE  J}.  Kinematic  Visa>sities  of  3P-S  Samples 


\ 


AL- 

Meai'jured  K  Vis  at 

Extrapolated  K  Vis  at 

Reported  K  Vis 

Code 

40OC  \ 

70OC 

lOOOC 

-20OC 

at  -20OC 

No. 

No. 

(104OF)., 

(1580F) 

(2120F) 

{-4OF) 

(-40F) 

1 

15996 

1.22 

0.89 

0.69 

3.2 

4.1 

2 

16025 

1.23 

0.86 

0.64 

3.8 

4.2 

3 

16064 

1.37 

0.92 

0.67 

5.2 

5.0 

4 

16091 

1.41 

0.95 

0.69 

5.3 

5.3* 

5 

16234 

1.25 

0.88 

0.66 

3.8 

4.0 

6 

16236 

1.42 

0.96 

0.70 

5.2 

5.2* 

7 

16253 

1.27 

0.88 

0.65 

4.1 

3.7 

8 

16254 

1.36 

0.93 

0.68 

4.7 

4.4 

9 

16255 

1.29 

0.90 

0.67 

4.1 

4.3 

10 

16256 

1.37 

0.94 

0.69 

4.7 

4.8 

11 

16418 

1.36 

0.94 

0.70 

4.5 

4.5* 

12 

16449 

1.32 

0.92 

0.69 

4.2 

4.4 

13 

16450 

1.32 

0.92 

0.69 

4.2 

4.6 

14 

16466 

1.23 

0.82 

0.59 

4.8 

3.8 

15 

16536 

1.29 

0.90 

0.67 

4.1 

4.1 

16»* 

17 

16662 

1.23 

0.83 

0.60 

4.5 

3.8 

18 

16663 

1.27 

0.87 

0.64 

4.4 

3.8 

19 

16676 

1.46 

0.98 

0.71 

5.6 

5.6* 

20 

16677 

1.18 

0.85 

0.65 

3.2 

3.9 

21 

16741 

1.28 

0.89 

0.66 

4.1 

4.3 

22 

16742 

1.28 

0.89 

0.66 

4.1 

4.0 

23 

16743 

1.23 

0.86 

0.64 

3.S 

4.3 

24 

16770 

1.14 

0.81 

0.61 

3.3 

3.6 

25 

16771 

1.20 

0.84 

0.63 

3.7 

3.9 

26 

16844 

1.14 

0.81 

0.61 

3.3 

3.5 

27 

16965 

1.16 

0.82 

0.62 

3.4 

3.4* 

28 

17034 

1.13 

0.80 

0.60 

3.3 

3.5 

29 

17042 

1.28 

1.05 

0.89 

2.2 

2.2* 

30** 

31 

17087 

1.31 

0.91 

0.68 

4.2 

4.6 

32 

17114 

1.17 

0.83 

0,63 

3.4 

3.4* 

33 

17115 

1.17 

0.83 

0.63 

3.4 

3.4* 

34 

17129 

1.27 

0.89 

0.67 

3.9 

4.4 

35 

17130 

1.26 

0.88 

0.66 

4.0 

4.0 

36 

17131 

1.29 

0.90 

0.67 

4.1 

4.2 

37 

17132 

1.27 

0.89 

0.67 

3.9 

4.1 

38 

17186 

1.05 

0.75 

0.57 

2.9 

3.3 

39 

17215 

1.14 

0.81 

0.61 

3.3 

3.3* 

40 

17220 

1.30 

0.90 

0.67 

4.3 

4.3* 

41 

17228 

1.24 

0.87 

0.65 

3.8 

3.2 

42 

17229 

1.21 

0.85 

0.64 

3.7 

3.2 

43 

17230 

1.23 

0.86 

0.64 

3.8 

3.8* 

44 

17231 

1.09 

0.78 

0.59 

3.0 

3.3 

45 

17259 

1.16 

0.83 

0.63 

3.3 

3.3* 

*  Extrapolated  values.  Refiner  did  not  report  kinematic  viscosity  at  -20°C. 

**  This  sample  was  never  received. 
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TABLE  5.  Kinematic  Viscosities  of  3P-8  Samples 
(Continued) 


1 

< 

Measured  K  Vis  at 

Extrapolated  K  Vis  at 

Reported  K  Vis 

Code 

40*C 

70OC 

100<^C 

-20OC 

at  -20OC 

No. 

No. 

(104OF) 

(1580F) 

(2120F) 

{-40F) 

(-40F) 

46 

17260 

1.13 

0.81 

0.62 

3.1 

3.3 

47 

17409 

1.16 

0.83 

0.63 

3.3 

3.6 

48 

17425 

1.22 

0.86 

0.65 

3.7 

3.7* 

49 

17426 

1.24 

0.87 

0.65 

3.8 

3.8* 

50 

17493 

1.28 

0.89 

0.66 

4.1 

4.2 

51 

17494 

1.29 

0.90 

0.67 

4.1 

4.3 

52 

17495 

1.29 

0.90 

0.67 

4.1 

4.4 

53 

17498 

1.26 

0.88 

0.66 

4.0 

3.9 

54 

17505 

1.09 

0.78 

0.59 

3.1 

3.3 

55 

17533 

1.15 

0.82 

0.62 

3.3 

2.7 

56 

17534 

1.19 

0.84 

0.63 

3.6 

2.8 

57 

17542 

1.21 

0.85 

0.64 

3.7 

3.9 

58 

17591 

1.32 

0.92 

0.69 

4.2 

4.5 

59 

17593 

1.24 

0.87 

0.65 

3.8 

3.8* 

60 

17594 

1.24 

0.87 

0.65 

3.8 

3.1 

61 

17601 

1.20 

0.85 

0.64 

3.5 

-  3.9 

62 

17616 

1.18 

0.84 

0.64 

3.4 

3.7 

63 

17617 

1.33 

0.92 

0.68 

4.4 

4.4* 

64 

17618 

1.43 

0.98 

0.72 

4.9 

5.2 

65 

17619 

1.29 

0.90 

0.67 

4.1 

4.6 

66 

17623 

1.31 

0.91 

0.68 

4.2 

4.2 

67 

17624 

1.25 

0.87 

0.65 

4.0 

3.9 

68 

17625 

1.32 

0.92 

0.69 

4.2 

4.5 

69 

17627 

1.10 

0.78 

0.59 

3.2 

3.3 

70 

17638 

1.16 

0.82 

0.62 

3.4 

3.4* 

71 

17725 

1.19 

0.84 

0.63 

3.6 

3.9 

72 

17736 

1.22 

0.86 

0.65 

3.7 

3.7* 

73 

17737 

1.23 

0.86 

0.64 

3.8 

3.8* 

74 

17738 

1.24 

0.87 

0.65 

3.8 

3.8* 

75 

17767 

1.09 

0.78 

0.59 

3.0 

3.3 

76 

17792 

1.13 

0.80 

0.60 

3.3 

3.4 

77 

17828 

1.50 

1.02 

0.75 

5.4 

5.4* 

78 

17829 

1.44 

0.98 

0.72 

5.1 

5.1* 

79 

17830 

1.43 

0.98 

0.72 

4.9 

4.9* 

80 

17835 

1.08 

0.78 

0.60 

2.9 

3.4 

81 

17907 

1.23 

0.86 

0.64 

3.8 

3.9 

82 

17908 

1.21 

0.85 

0.64 

3.7 

4.0 

83 

18105 

1.27 

0.88 

0.65 

4.1 

4.1* 

84 

18116 

1.32 

0.92 

0.69 

4.2 

4.4 

85 

18123 

1.12 

0.80 

0.61 

3.2 

3.3 

86 

18133 

1.51 

1.02 

0.75 

5.6 

5.6* 

87 

18134 

1.51 

1.02 

0.75 

5.6 

5.6* 

88 

18144 

1.25 

0.87 

0.65 

4.0 

4.0* 

89 

18147 

1.30 

0.90 

0.67 

4.3 

4.4 

90 

18157 

1.31 

0.91 

0.68 

4.2 

4.4 

♦  Extrapolated  values.  Refiner  did  not  report  kinematic  viscosity  at  -20OC. 
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Figure  17.  Frequency  histogram.  3P-g,  Figure  18.  Frequency  histogram.  3P-8, 

sulfur  content  net  heat  of  combustion,  BtuTlb 
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OLEFINS.  VOL  X 


Figure  21.  Frequency  hlstograin,  3P-8,  olefins 

9.  Hydrogen  Content 

The  hydrogen  content  of  the  JP-8  samples  was  determined  to  enable  the  calculation  of 
the  net  heat  of  combustion  from  the  measured  gross  heat  of  combustion  by  ASTM 
procedure  D  240.  A  frequency  histogram  for  this  property  is  shown  in  Fig.  22. 

B.  Properties  of  3P-5  Samples  Evaluated 

During  this  program,  234  samples  of  3P-5  were  received  at  BFLRF.  Of  these  samples,  63 
were  evaluated  for  the  same  properties  as  the  3P-'8  samples.  The  remaining  samples 
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Figure  22.  Frequency  histogram,  3P--8,  hydrogen  content 


were  evaluated  for  kinematic  viscosities  at  40°  and  70°C  only.  The  sources  of  these 
samples  and  the  number  of  samples  from  each  were; 


Sample 

No.  of 

Samples 

No. 

Source 

Samples 

Evaluated 

1 

Deer  Park,  TX 

34 

10 

2 

Abilene,  TX 

23 

5 

3 

Bakersfield,  CA 

12 

2 

4 

Beaumont,  TX 

1 

1 

5 

Corpus  Christi,  TX 

14 

5 

6 

Hanford,  CA 

2 

2 

7 

Newhall,  CA 

62 

19 

8 

Baton  Rouge,  LA 

25 

11 

9 

Ewa  Beach,  HI 

1 

1 
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Sample 

No. 

Source 

No.  of 
Samples 

Samples 

Evaluated 

10 

Sicily 

15 

2 

11 

Ferndale,  WA 

25 

3 

12 

Three  Rivers,  TX 

8 

1 

13 

Pasadena,  TX 

1 

1 

14 

Tacoma,  WA 

6 

0 

15 

Torrance,  CA 

5 

0 

It  is  possible  that  sampies  from  one  refinery  samplevi  on  the  same  date  came  from  one 
batch  of  fuel;  however,  they  do  represent  different  shipments.  Since  it  was  not  clear 
that  they  were  from  the  same  batch,  even  though  the  inspection  data  may  have  been 
virtually  identical,  each  sample  was  included  in  the  statistical  evaluation  of  the  data. 

TABLE  6  is  a  listing  of  the  3P-5  sampies  evaluated,  with  identifying  code  numbers, 
refinery  source,  and  sampling  and  receiving  dates.  In  contrast  with  the  JP-8  samples, 
most  of  the  3P-5  fuels  came  from  refineries  in  the  U.S.  Of  the  63  samples,  only  2  (both 
from  Sicily)  were  provided  by  other  than  U.S.  refineries.  An  additional  13  samples 
received  from  Sicily  were  evaluated  only  for  viscosities.  The  data  of  special  interest  to 
this  program  are  listed  in  TABLE  7,  which  consists  of  two  parts.  Part  1  of  TABLE  7 
contains  the  analytical  properties  measured  primarily  for  comparison  with  the  suppliers 
data.  Part  2  contains  the  data  more  closely  related  to  the  utilization  of  3P-3  as  a  diesel 
fuel.  The  3P-5  analytical  results  are  summarized  and  compared  to  partial  requirements 
of  MIL-T-5624M  (grade  3P-5)  and  VV-F-800D  (grades  DF-1  and  NATO  F-54)  in  TABLE  8. 

As  stated  earlier,  all  except  two  of  the  63  3P-5  samples  came  from  refineries  in  the 
U.S.,  grouped  in  two  general  areas;  the  Pacific  Coast  and  the  Gulf  Coast.  In  TABLE  9,  a 
few  properties  for  the  samples  received  from  each  refinery  are  grouped  and  the 
averages,  minimum,  and  maximum  values  are  shown.  It  was  observed  that  the  JP-5  fuels 
from  refineries  supplying  more  than  one  sample  had  properties  within  a  narrow  range  of 
values,  in  contrast  with  the  JIP-8  fuels  from  a  single  refinery  that  showed  a  broader 
range  of  values. 

The  JP-5  sample  properties  reported  by  the  suppliers  are  shown  in  TABLE  B-2  of 
Appendix  B.  These  data  are  sorted  according  to  source,  and  minimum,  maximum,  and 
average  values  for  selected  parameters  are  reported. 
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TABLE  6.  Source  of  3P-5  Samples 


Lab  Code 

Location 

Samole  Date 

Date  Received 

AL-16775-F 

Deer  Park,  Texas 

10-13-87 

10-19-87 

AL-16792-F 

Abilene,  Texas 

10-19-87 

10-22-87 

AL-16794.F 

Bakersfield,  California 

10-08-87 

10-26-87 

AL-16795-F 

Bakersfield,  California 

10-19-87 

10-26-87 

AL-16796.F 

Deer  Park,  Texas 

10-20-87 

10-27-87 

AL-16L24-F 

Deer  Park,  Texas 

10-26-87 

10-30-87 

AL-16823-F 

Beaumont,  Texas 

10-22-87 

11-02-87 

AL-16826-F 

Corpus  Christ!,  Texas 

10-23-87 

r. -02-87 

AL-16828-F 

Hanford,  California 

10-14-87 

11-09-87 

AL-16829-F 

Hanford,  California 

10-22-87 

11-09-87 

AL-16830-F 

Newhall,  California 

10-26-87 

11-09-87 

AL-16831-F 

Newhail,  California 

10-28-87 

11-09-87 

AL-16833-F 

Abilene,  Texas 

1 1-03-87 

11-11-87 

AL-16834-F 

Newhall,  California 

10-30-87 

11-12-87 

AL-16833-F 

Newhall,  California 

11-02-87 

11-12-87 

AL-16836.F 

Deer  Park,  Texas 

11-06-87 

11-12-87 

AL-1684I-F 

Deer  Park,  Texas 

1 1-09-87 

11-16-87 

AL-16842-F 

Newhali,  California 

1 1-03-87 

11-17-87 

AL-16845-F 

Baton  Rouge,  Louisiana 

11-06-87 

11-18-87 

AL-16846-F 

Ewa  Beach,  Hawaii 

10-20-87 

11-23-87 

AL-16834-F 

Corpus  Christi,  Texas 

11-19-87 

11-24-87 

AL-16836-F 

Newhall,  California 

11-06-87 

11-23-87 

AL.16837-F 

Newhall,  California 

1 1-09-87 

11-23-87 

AL-16838-F 

Newhall,  California 

11-09-87 

11-23-87 

AL-16859-F 

Newhall,  California 

11-12-87 

11-23-87 

AL-16861-F 

Deer  Park,  Texas 

11-20-87 

11-30-87 

AL-16862-F 

Newhall,  California 

11-16-87 

11-30-87 

AL-16863-F 

Augusta,  Sicily 

11-03-87 

11-30-87 

AL-168f;4-F 

Ferndale,  Washington 

11-10-87 

11-30-87 

AL-16863-F 

Newhall,  California 

11-18-87 

11-30-87 

A I  .tAHAA-F 

Corpus  Christi,  Texas 

11-23-87 

1 1-30-87 

AL-16917-F 

Baton  Rouge,  Louisiana 

11-20-87 

12-03-87 

AL-1A918-F 

Abilene,  Texas 

11-20-87 

12-01-87 

AL-16919-F 

Baton  Rouge,  Louisiana 

11-17-87 

12-03-87 

AL-16938-F 

Abilene,  Texas 

12-01-87 

12-07-87 

AL-IA9A1-F 

Newhall,  California 

11-20-87 

12-08-87 

AL-16962-F 

Baton  Rouge,  Louisiana 

11-27-87 

12-09-87 

AL-16963-F 

Deer  Park,  Texas 

12-03-87 

12-09-87 

AL-16964-F 

Deer  Park,  Texas 

12-06-87 

12-09-87 

AL-16969-F 

Newhall,  California 

11-23-87 

12-11-87 

AL-16970-F 

Newhall,  California 

1 1-30-87 

12-11-87 

AL-17043-F 

Three  Rivers,  Texas 

12-16-87 

12-22-87 

AL-17044-F 

Newhall,  California 

12-08-87 

12-22-87 

AL-17047-F 

Corpus  Christi,  Texas 

12-18-87 

12-23-87 

AL-17033-F 

Baton  Rouge,  Louisiana 

12-08-87 

12-28-87 

AL-17037-F 

Baton  Rouge,  Louisiana 

12-08-87 

12-28-87 

AL-17038-F 

Baton  Rouge,  Louisiana 

12-08-87 

12-28-87 

AL-17039-F 

Abilene,  Texas 

12-22-87 

12-28-87 

AL-17060-F 

Ferndale,  Washington 

11-30-87 

12-28-87 

A-..17061-F 

Ferndale,  Washington 

12-11-87 

12-29-87 

AL-17062-F 

Baton  Rouge,  Louisiana 

12-22-87 

12-29-87 

AL-17063-F 

Baton  Rouge,  Louisiana 

12-22-87 

12-29-87 

AL-17068-F 

Newhall,  California 

12-11-87 

01-04-88 

AL-17069-F 

Newhall,  California 

12-13-87 

01-04-88 

AL-17070-F 

Newhall,  California 

12-21-87 

01-04-88 

AL-17071-F 

Newhall,  California 

12-17-87 

01-04-88 

AL-17072-F 

Deer  Park,  Texas 

12-14-87 

01-03-88 

AL-17073-F 

Deer  Park,  Texas 

12-24-87 

01-03-88 

AL-17082-F 

Pasadena,  Texas 

12-30-87 

01-07-88 

AL-17083-F 

Baton  Rouge,  Louisiana 

12-30-87 

01-07-88 

AL-17084-F 

Baton  Rouge,  Louisiana 

12-30-87 

01-07-88 

AL-I7088-F 

Corpus  Christi,  T«;xas 

01-04-88 

01-07-88 

AL-17235-F 

(Siracusa)  Sicily 

02-02-88 

02-22-88 
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TABLE  7.  Selected  Characteristics  of  DPSC  Samples  of  3P-3  (Part  1) 


Gravity, 

Density, 

Flash 

Suliur, 

OAPl, 

kg/L, 

D  1298 

Color, 

Polnt,®C, 

D86 

inass9b. 

L4b  Code 

AL-1677J-F 

D  1298 

D  136 

D93 

TBT — 

1096  W96 

96^ 

“ET 

D  4294 

41.4 

0.818 

4-30 

67 

185 

199 

216 

241 

265 

0.01 

AL-16792-F 

43.1 

0.810 

419 

63 

179 

194 

214 

244 

261 

0.03 

AL-U794-F 

40.3 

0.823 

<•16 

61 

179 

191 

206 

231 

254 

0.11 

AL-16795-F 

40.3 

0.823 

<-16 

39 

179 

191 

206 

230 

254 

0.11 

AI.-16796-F 

41.8 

0.816 

430 

65 

183 

197 

221 

242 

260 

0.01 

AL>16S24-F 

41.8 

0.816 

>430 

68 

189 

200 

217 

241 

259 

0.04 

AL.>L682)-F 

42.1 

0.819 

430 

61 

179 

194 

213 

240 

253 

0.12 

A1..16S26>F 

43.3 

0.809 

430 

3* 

180 

194 

211 

236 

255 

0.15 

AL-1&828-F 

40.0 

0.823 

<•16 

60 

182 

192 

205 

224 

244 

0.12 

AL>16829-F 

39.7 

0.826 

<•16 

63 

186 

196 

208 

228 

247 

0.12 

AL-16830-F 

38.9 

0.830 

<•16 

60 

178 

194 

214 

243 

263 

0.25 

AL-16831-F 

38.3 

0.832 

<-16 

62 

179 

196 

217 

247 

266 

0.26 

AL-16834.F 

38.4 

0.832 

<-16 

62 

181 

198 

219 

249 

271 

0.27 

AL-16833-F 

43.3 

0.809 

412 

60 

179 

193 

219 

243 

252 

0.02 

AL-16835.F 

38.3 

0.833 

<-16 

62 

182 

198 

219 

247 

271 

0.27 

AL-16836-F 

42.6 

0.812 

>4  30 

62 

181 

196 

216 

242 

259 

0.03 

AL*16841-F 

42.6 

0.813 

>430 

64 

181 

194 

214 

242 

259 

0.05 

AL>16842-F 

38.1 

0.834 

<-16 

64 

181 

201 

222 

249 

272 

0.25 

AL-16845-F 

41.0 

0.820 

>430 

66 

183 

200 

219 

242 

256 

0.05 

AL-16846-F 

40.3 

0.823 

421 

62 

178 

194 

217 

243 

256 

0.06 

Ai.>168}4.F 

43.2 

0.800 

>4  30 

33 

174 

189 

207 

237 

256 

0.02 

AL-168J6-F 

38.0 

0.834 

-16 

64 

182 

201 

221 

247 

269 

0.25 

AL-16857.F 

38.6 

0.832 

-16 

6U 

1/6 

194 

217 

245 

267 

0.23 

AL--16838-F 

38.3 

0.833 

■  l6 

64 

181 

197 

219 

249 

273 

0.23 

AL-16839-F 

38.5 

0.832 

•  16 

62 

178 

195 

218 

247 

270 

0.24 

AL-16861-F 

42.9 

0.811 

>430 

64 

17: 

193 

212 

244 

259 

0.01 

AL>16862-F 

38.4 

0.832 

<-16 

64 

181 

197 

218 

245 

266 

0.24 

AL-16863-F 

43.2 

0.800 

>4  30 

61 

173 

188 

203 

223 

243 

0.03 

AL>16864-F 

41.4 

0.818 

44 

62 

176 

189 

208 

253 

282 

0.07 

AI.-16863-F 

38.6 

0.832 

<-16 

61 

176 

196 

217 

247 

269 

0.24 

AL-18866-F 

43.3 

0.800 

>430 

59 

174 

186 

203 

233 

253 

0.02 

AL-16918-F 

43.3 

0.809 

>430 

62 

180 

194 

213 

241 

255 

0.01 

AL-1S917.F 

41.0 

0.820 

•  16 

66 

184 

200 

218 

242 

267 

0.06 

A'--16919.F 

40.3 

0.822 

430 

68 

184 

200 

218 

242 

267 

0.06 

.\L-16938-F 

43.5 

0.808 

417 

59 

183 

194 

214 

242 

259 

0.01 

AL-16961-F 

38.5 

0.832 

-16 

60 

181 

197 

219 

248 

272 

0.24 

AI-16962-P 

41.1 

0.819 

>430 

63 

179 

201 

219 

242 

255 

0.03 

AI.-16963-F 

41.8 

0.816 

>430 

67 

190 

201 

219 

243 

258 

0.03 

A1.-16964-F 

47.5 

U.813 

182 

194 

214 

242 

256 

0.04 

AL-16969-F 

38.7 

0.831 

•16 

62 

178 

198 

218 

245 

266 

0.25 

AL-16970-F 

38.7 

0.831 

-16 

63 

181 

197 

218 

244 

263 

0.24 

AL-17043-F 

42.6 

0.812 

421 

61 

177 

192 

211 

241 

261 

0.04 

AL-17044-F 

38.6 

0.831 

<-16 

62 

181 

195 

216 

244 

264 

0.23 

AL-l7'j47.F 

43.6 

0.799 

>430 

59 

177 

189 

206 

233 

256 

0.03 

AL-POSS-F 

40.9 

0.820 

>4  30 

66 

186 

203 

219 

243 

258 

0.06 

AL-17037-F 

41.0 

0.820 

>4  30 

65 

186 

203 

220 

242 

257 

0.06 

AL-17058-F 

41.2 

0.819 

>430 

63 

183 

201 

219 

243 

259 

0.06 

AL-17039-F 

43.4 

0.809 

>430 

38 

178 

193 

214 

246 

265 

0.07 

A1.-17W0-F 

41.3 

0.819 

43 

61 

181 

194 

213 

254 

282 

0.01 

AL-17061-F 

41.4 

0.818 

46 

61 

180 

193 

213 

257 

284 

0.01 

AL-I7062-F 

41.3 

0.819 

>430 

62 

185 

202 

222 

246 

262 

0.05 

AL-I7063-F 

41.2 

0.819 

>430 

63 

183 

201 

219 

243 

258 

0.05 

AL-17068-F 

38.6 

0.832 

<-lb 

61 

179 

197 

219 

249 

270 

0.27 

AL-17069-F 

39.3 

0.828 

<-16 

58 

177 

192 

214 

242 

262 

0.24 

AL-17070-F 

39.2 

0.829 

<“16 

60 

177 

193 

214 

243 

265 

0.24 

AL-17071-F 

38.9 

0.830 

<-16 

60 

178 

195 

217 

247 

269 

0.25 

AL-17072-F 

42.3 

U.814 

>430 

62 

178 

193 

214 

242 

261 

0.01 

AL.17073-F 

41.8 

0.816 

>430 

oS 

186 

200 

217 

239 

257 

0.04 

AL-17082-F 

42.4 

0.813 

4l0 

65 

183 

198 

215 

239 

258 

0.04 

AL-17083-F 

41.7 

0.817 

427 

63 

181 

200 

219 

242 

258 

0.05 

AL-170S4-F 

41.6 

0.817 

427 

63 

182 

201 

221 

244 

259 

0.04 

AL-170S8-F 

45.7 

0.798 

-30 

59 

177 

189 

206 

233 

253 

0.01 

AL-17235-F 

45.9 

0.797 

430 

62 

179 

192 

204 

226 

245 

0.01 
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TABLE  7.  Selected  Characteristics  ol  DFSC  Samples  of  TP-3  (Part  2) 


Lab  Code 

Cetane 

No., 

Dtl3 

Cetane 
Index , 
D976 

F.V.E.* 
Cetane 
Index  No., 
D  4737 

Kin  Vis  (3 
40OC,  cSt, 
D445 

Kin  Via  0 
70«C,  cSt, 
D443 

Heat  Qt  Combustion _ 

Percent 
Aromatics, 
D  13i9 

Percent 

Oleilns, 

D.1319 

Percent 

Hydrogen, 

D3173 

M3/k|, 

D  240 

Dtu/lb, 

D  240 

Btu/gal,** 
D  240 

AL-1477J.F 

43 

43 

45 

1.33 

1.03 

42.991 

18483 

123943 

.9.4 

0.7 

13.7 

AL-U792-F 

44 

46 

47 

1.47 

0.99 

43.040 

18304 

124865 

15.9 

1.1 

13.9 

AL-167«-F 

38 

38 

39 

1.39 

0.95 

42.757 

18382 

126064 

20.5 

1.0 

13.4 

AL-16795-F 

38 

38 

39 

1.39 

0.95 

42.745 

18377 

126029 

19.3 

1.1 

13,4 

AL-16794-F 

41 

44 

47 

1.48 

1.01 

43.001 

18487 

123673 

18.8 

0.8 

13.7 

AL-1682*i-F 

43 

45 

46 

1.52 

1.02 

43.029 

18499 

123736 

18.0 

2.0 

13.6 

AL-16S23.F 

44 

44 

43 

1.46 

0.99 

42.938 

18460 

123270 

20.3 

0.5 

13.8 

AL-1«S2«-F 

44 

43 

47 

1.41 

0.96 

43.013 

18493 

124643 

.13.1 

0.3 

13.7 

AL-1682I-F 

38 

37 

37 

1.37 

0.94 

42.724 

18368 

126188 

21.3 

0.8 

13.3 

AL-16829.F 

39 

38 

38 

1.42 

0.97 

42.777 

18391 

126367 

2.2.4 

0.8 

13.3 

AL-16830-F 

38 

39 

39 

1.32 

1.02 

42.710 

18362 

126935 

13.8 

0.8 

13.3 

AL-1683UF 

39 

38 

39 

1.38 

1.03 

42.770 

18388 

127429 

14.8 

0.9 

13.3 

AL-16833-F 

47 

46 

49 

1.60 

107 

42.691 

18334 

127285 

17.5 

1.1 

13.8 

AL.1683I».F 

39 

40 

40 

1.47 

0.99 

43.126 

18341 

124966 

16.6 

0.8 

13.4 

AL-16835-F 

40 

39 

39 

1.60 

1.06 

42.708 

18361 

127407 

15.7 

0.7 

13.3 

AL-16836-F 

42 

46 

47 

1.47 

0.99 

43.004 

18488 

123108 

19.4 

0.6 

13.6 

AL-16841.F 

44 

45 

46 

1.46 

0.99 

43.022 

18496 

123162 

19.2 

0.4 

13.9 

AL-16842-F 

39 

40 

40 

1.65 

1.09 

42.694 

18355 

127512 

16.7 

0.9 

13.4 

AL-16843-F 

44 

44 

44 

1.55 

1.04 

43.026 

18489 

126341 

18.2 

1.4 

13.7 

AL-16846-F 

44 

42 

42 

1.48 

1.01 

42.843 

18419 

126318 

22.9 

1.1 

13.5 

AL-16834-F 

44 

47 

49 

1.33 

0.93 

43.210 

18577 

123853 

19.3 

0.2 

13.9 

AL-1683(-F 

38 

39 

40 

1.66 

1.11 

42.714 

U364 

127648 

16.2 

1.1 

13.3 

AL-16837-F 

38 

39 

39 

1.57 

1.03 

42.717 

18365 

127196 

17.7 

1.0 

13.6 

AL-1683».F 

38 

39 

40 

1.64 

1.09 

42.696 

18356 

127372 

17.7 

1.0 

13.4 

AL.16839-F 

39 

39 

39 

1.60 

1.07 

42.696 

18336 

127207 

15.3 

0.9 

13.4 

AL-16861-F 

45 

45 

46 

1.45 

0.99 

43.098 

18329 

123182 

18.9 

0.6 

13.8 

AL-16882-F 

39 

39 

39 

1.60 

1.08 

42.740 

18375 

127431 

14.4 

0.7 

13.3 

AL-16863-F 

44 

46 

47 

1.29 

0.90 

43.105 

18532 

123533 

18.8 

0.3 

13.9 

AL-16864-F 

41 

41 

43 

1.47 

1.01 

42.983 

18479 

123916 

18.5 

0.3 

13.5 

AL-168(5-F 

39 

39 

39 

1.58 

1.06 

42.724 

18368 

127217 

18.7 

0.5 

13.1 

AL-16866-F 

44 

46 

48 

1.32 

0.91 

43.200 

18572 

123745 

19.0 

0.3 

13.9 

AL-16917-F 

46 

44 

44 

1.47 

1.00 

43.131 

18543 

124980 

19.2 

0.9 

13.6 

AL-1891J.F 

43 

46 

47 

1.56 

1.05 

43.024 

18497 

126335 

16.0 

1.8 

13.8 

AL.16919-F 

44 

43 

44 

1.61 

1.07 

42.988 

18481 

126393 

19.3 

0.7 

13.5 

AU.1693»-F 

46 

47 

48 

1.46 

0.99 

43.097 

18328 

124730 

16.6 

1..6 

14.0 

AL-16961-F 

38 

39 

42 

1.59 

1.05 

42.693 

18356 

127207 

16.8 

0.8 

13.4 

AL.t6962-F 

43 

44 

45 

1.36 

1.04 

43.034 

18501 

126288 

17.5 

1.0 

13.6 

AL.16963-F 

45 

45 

46 

1.55 

1.04 

43.091 

18326 

125940 

19.3 

0.6 

13.8 

AL.169S4-F 

43 

45 

46 

1.44 

0.97 

43.004 

18488 

125182 

19.2 

0.6 

13.7 

AL.169M-F 

39 

40 

40 

1.37 

1.05 

42.614 

18321 

126818 

17.3 

0.8 

13.3 

AL.16970-F 

38 

39 

40 

1.56 

1.04 

42.738 

18374 

127185 

16.8 

1.0 

13.4 

AL-17043-F 

45 

44 

45 

1.42 

0.97 

42.977 

18477 

125034 

17.9 

0.5 

13.7 

AL-17044-F 

39 

39 

39 

1.54 

1.03 

42.780 

18392 

127383 

16.3 

0.6 

13.3 

AL-17047-F 

47 

47 

49 

1.30 

0.89 

43.201 

18374 

123354 

17.9 

2.2 

13.9 

AL-1?''55.F 

46 

44 

45 

1.38 

1.06 

42.940 

18461 

126162 

16.7 

1.3 

13.3 

AL-170j7-F 

45 

44 

45 

1.61 

1.06 

43.059 

18312 

126437 

16.7 

1.3 

13.7 

AL-170J8-F 

45 

45 

45 

1.58 

1.08 

42.973 

18475 

126036 

16.9 

1.2 

13.7 

AL-17039-F 

47 

47 

48 

1.47 

1.00 

43.087 

18324 

124778 

16,4 

1.3 

13.8 

AL-17060-F 

41 

42 

44 

1.49 

1.01 

42.913 

18430 

123792 

21.4 

0.3 

13.7 

AL-17061-F 

41 

42 

44 

1.30 

1.01 

43.054 

18310 

126127 

21.8 

0.6 

13.6 

AL-17062-F 

47 

45 

46 

1.60 

1.07 

43.110 

18534 

126363 

13.6 

0.4 

13.7 

AL-17063-F 

45 

45 

45 

1.59 

1.06 

43.061 

18513 

126296 

16.2 

0.5 

13.6 

AL-17068.F 

39 

40 

40 

1.60 

1.07 

42.753 

18380 

127300 

18.1 

1.2 

13.3 

AL-17C69-F 

38 

39 

40 

1.49 

1.01 

42.716 

18365 

126682 

15.4 

0.9 

13.4 

AL-17070-F 

39 

39 

39 

1.31 

1.02 

42.706 

18360 

126721 

13.2 

2.5 

13.4 

AL-17071.F 

39 

40 

40 

1.34 

1.04 

42.779 

18392 

127162 

16.0 

1.0 

13.4 

AL-17072.F 

43 

44 

45 

1.44 

0.98 

43.019 

18495 

123378 

20.7 

2.1 

13.7 

AL-17073-F 

43 

45 

46 

1.32 

1.03 

43.021 

18495 

123729 

20.7 

2,3 

13.7 

AL-17082-F 

44 

45 

46 

1.48 

1.01 

43.084 

18523 

123493 

18.8 

0.4 

13.8 

AL-170S3-F 

47 

45 

46 

1.36 

1.05 

42.950 

18465 

123399 

16.3 

1.1 

13,8 

AL-17084-F 

47 

46 

46 

1.38 

1.06 

43.061 

18513 

123599 

15.6 

0.7 

13.7 

AL-17088-F 

48 

48 

50 

1.34 

0.92 

43.091 

18326 

123161 

17.4 

0.3 

14,0 

AL-1723J.F 

44 

47 

49 

1.33 

0.93 

43.252 

18595 

123489 

10.7 

0.2 

IM 

*  F.V.E.  -  Four  Variable  Equation. 

Btu/gal  is  obtained  by  multipiying  density  in  Pb/gai  units  by  Btu/lb.  ^PI  gravity  is  converted  to  Pb/gal  using  ASTM-IP  Petroleum 
Measurement  Tables. 
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TABLE  8.  Summary  of  3P-5  Characteristics 

_  Data  Summary _ 

Partial  Requirements  Standard 

Properties  MIL-T-562«i-M  VV-F-800D _  _ Values _  Deviation  ^ 

JP-5  DF-1  NATO  F-54  Average  Minimum  Maximum 
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TABLE  9.  Property  Data  for  3P-5  Samples  From  Different  Sources 
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1.  Gravity  and  Density 


The  API  gravity  and  density  of  the  3P-5  samples  fall  into  a  narrow  range  of  values  as 
would  be  expected.  Frequency  histograms  for  these  two  properties  are  shown  in  Figs.  23 
and  24. 


2.  Flash  Point 


The  BFLRF  data  show  nine  samples  with  flash  points  below  60°C,  the  minimum 
requirement  for  3P-5.  Five  of  these  were  at  590C,  two  at  58°C,  one  at  54*^0,  and  one  at 
53°C.  The  reported  data  from  the  refiners  showed  all  the  samples  meeting  the  flash 
point  requirement.  A  frequency  histogram  for  the  flash  point  values  of  JP-5  is  shown  in 
Fig.  25. 


3.  Distillation 


The  distillation  data  for  3P-5  samples  show  that  these  fuels  are  in  a  more  narrow  boiling 
range  than  the  3P-8  fuels,  which  would  be  expected  due  to  the  higher  minimum  flash 
point  limit.  Frequency  histograms  for  the  10-,  50-,  and  90-percent  recovered  distillation 
temperatures  are  shown  in  Figs.  26  through  28,  respectively. 

4.  Cetane  Number  and  Cetane  Index 


Twenty-two  of  the  63  samples  of  3P-5  analyzed  had  cetane  numbers  measured  by  D  613 
below  40,  twelve  had  values  of  39,  and  ten  had  values  of  38.  All  the  samples  with  cetane 
numbers  below  40  came  from  refineries  in  California.  The  lower  cetane  numbers  for 
these  fuels  is  probably  due  to  the  type  crude  used  to  produce  them.  Fig.  29  is  a 
frequency  histogram  showing  the  distribution  of  cetane  number  values  among  the  3P-5 
samples  evaluated.  The  cetane  index  for  each  of  these  samples  was  calculated  by  ASTM 
Methods  D  976,  "Calculated  Cetane  Index  of  Distillate  Fuels,"  and  D  4737,  "Calculated 
Cetane  Index  by  Four  Variable  Equation."  To  remain  consistent  with  the  VV-F-800D 
specification  limits,  all  cetane  number  and  cetane  index  values  were  rounded  to  the 
nearest  integer.  Actual  values,  reported  to  a  tenth  of  a  cetane  number,  are  presented  in 
Appendix  C.  Frequency  histograms  for  these  two  properties  are  shown  in  Figs.  30  and 
31.  Linear  regressions  of  cetane  index,  D  976,  on  cetane  number,  D  613,  and  four 
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4  Variable  equation  cetane  index,  04737 


Figur-;  31.  Frequency  histogram,  3P-5.  four  variable  equation 
cetane  index,  D  4737 


variable  equation  cetane  index,  D  4737,  on  cetane  number,  D  613,  were  performed  and 
are  plotted  in  Figs.  32  and  33,  respectively.  The  linear  regression  shows  a  correlation 
coefficient  equal  to  0.91  between  D  976  and  D  613  and  0.87  between  D  4737  and  D  613. 
The  plots  also  show  t'  ’.ines  oredictability  at  95  percent  confidence  level  and  the 
ideal  correlation  lines. 


The  correlation  coefficients  for  both  calculated  cetane  index  methods  and  measured 
cetane  number  are  somewhat  1  i  r  for  the  JP-5  than  for  the  JP-8  samples.  This 
improvement  can  be  attributed  to  the  fact  that  3P-5,  because  of  the  higher  minimum 
flash  point  specified,  has  a  boiling  range  between  180°C  initial  boiling  point  (IBP)  and 
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CETANE  NUMBER.  D  613  CETANE  NUMBER.  D  613 

Figure  32.  3P-3  regression  ot  Figure  33.  3P>3  regression  of  four 

cetane  index,  D  976,  on  variable  equation  cetane  index. 

cetane  number.  D  613  D  4737,  on  cetane  number^  D  613 


261°C  end  point  (EP),  compared  to  156°C  IBP  and  26l0C  EP  for  the  JP-8  samples.  This 
wider  range  permits  hydrocarbons  of  lower  molecular  weight  and  higher  volatility  to  be 
part  of  the  3P-8  composition,  making  this  product  differ  somewhi^t  more  than  JP-5  from 
the  diesel  fuels  on  which  the  calculated  cetane  index  procedures  are  based. 

Figs.  32  and  33  show  what  appear  to  be  29  and  30  data  points,  respectively;  however, 
many  may  represent  multiple  correlation  data  points,  if  more  than  one  sample  had 
identical  cetane  number  and  cetane  index  values  as  in  the  case  of  Fig.  32,  or  identical 
cetane  number  and  four-variable  equation  cetane  index  values,  as  in  Fig.  33. 

5.  Kinematic  Viscosity 

With  respect  to  diesel  fuel  requirements,  one  sample  was  below  the  limit  for  kinematic 
viscosity  at  40°C  of  1.3  cSt  (applicable  to  both  DF-1  and  NATO  F-^'*)  with  a  value  of 
1.29  cSt.  Fig.  34  is  a  frequency  histogram  for  the  viscosity  at  40*^C  values.  The 
distribution  of  the  viscosities  at  70°C  is  shown  in  Fig.  35.  TABLE  lb  gives  t^e 
viscosities  at  four  different  temperatures  for  all  the  234  3P-5  samples  receive.d.  As  with 
the  JP-8  fuels,  the  extrapolated  values  at  100°C  and  -20°C  were  obtained  using  thy 
mathematical  relationships  shown  in  Appendix  XI  of  ASTM  Method  D  341,  "Viscosity 
Temperature  Charts  for  Liquid  Petroleum  Products." 

6.  Sulfur  Content 


The  data  for  sulfur  content  show  that  all  the  samples  analyzed  had  values  below  the 
maximum  limit;  however,  the  frequency  histogram  in  Fig.  36  shows  a  group  of  samples 
with  below  0.1-percent  sulfur,  another  group  with  values  between  0.23-  and  0.27-percent 
sulfur,  and  a  few  between  O.ll-  and  0.15-percent  sulfur.  Most  of  the  samples  with  the 
higher  sulfur  content  were  from  California  refineries,  although  a  few  originated  in 
Texas. 


7.  Net  Heat  of  Combustion 


The  net  heat  of  combustion  was  determined  for  the  63  samples  of  JP-5  and  reported  in 
M3/kg,  Btu/lb,  and  Btu/gal.  The  distribution  of  the  values  for  Btu/lb  is  shown  in  the 
frequency  histogram  in  Fig.  37  and  that  for  Btu/gal  in  Fig.  38. 
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TABLE  10.  Kinematic  Viscosities  of  3P-3  Sampies 


AL- 

Extrapolated 

K  Vis  at 

Reported  K  Vis 

Code 

4d«C 

i^oe 

-260c 

at  -200c 

No. 

No. 

(104OF) 

(1380F) 

(2120F) 

(.40F) 

(-40F) 

1 

16773 

1.53 

1.03 

0.75 

5.8 

6.0 

2 

16792 

1.47 

0.99 

0.72 

5.3 

3.3* 

3 

16794 

1.39 

0.95 

0.70 

4.9 

4.8 

4 

16793 

1.:I9 

0.93 

0.70 

4.9 

3.2 

3 

16796 

1.48 

1.01 

0.74 

3.2 

5.2* 

6 

16824 

1.32 

1.02 

0.74 

3.8 

3.8* 

7 

16825 

1.46 

0.99 

0.73 

5.3 

5.3 

8 

16826 

1.41 

0.96 

0.70 

3.0 

3.1 

9 

16828 

1.37 

0.94 

0.69 

4.7 

4.7* 

10 

16829 

1.42 

0.97 

0.71 

5.0 

5.0* 

11 

16830 

1.52 

1.02 

0.74 

3.8 

3.9 

12 

16831 

1.58 

1.05 

0.76 

6.3 

6.3 

13 

16833 

1.47 

0.99 

0.72 

5.5 

6.0 

14 

16834 

1.60 

1.07 

0.77 

6.2 

6.6 

13 

16835 

1.60 

1.06 

0.76 

6.5 

6.4 

16 

16836 

1.47 

0.99 

0.72 

5.5 

6.0 

17 

16841 

1.46 

0.99 

0.73 

5.3 

3.3* 

18 

16842 

1.65 

1.09 

0.79 

6.8 

6.6 

19 

16845 

1.33 

1.04 

0.76 

5.9 

6.0 

20 

16846 

1.48 

1.01 

0.74 

5.2 

5.8 

21 

16834 

1.33 

0.93 

0.70 

4.2 

4.9 

22 

16856 

1.66 

1.11 

0.81 

6.5 

6.8 

23 

16837 

1.37 

1.05 

0.76 

6.1 

6.3 

24 

16858 

1.64 

1.09 

0.79 

6.6 

6.3 

25 

16859 

1.60 

1.07 

0.78 

6.2 

6.3 

26 

16861 

1.45 

0.99 

0.73 

5.1 

6.0 

27 

16862 

1.60 

1.08 

0.79 

3.9 

6.5 

28 

16863 

1.29 

0.90 

0.67 

4.1 

4.6 

29 

16864 

1.47 

1.01 

0.75 

5.0 

3.7 

30 

16865 

1.38 

1.06 

0.77 

6.1 

6.4 

31 

16866 

1.32 

0,91 

0.67 

4.4 

5.1 

32 

16917 

1.56 

1.05 

0.77 

3.9 

6.0 

33 

16918 

1.47 

1.00 

0.73 

5.3 

3.3* 

34 

16919 

1.61 

1.07 

0.77 

6.3 

6.3 

35 

16958 

1.46 

0,99 

0.73 

5.3 

3.3* 

36 

K'961 

1.59 

1.05 

0.76 

6.8 

6.3 

37 

16962 

1.36 

1.04 

0.73 

6.2 

6.1 

38 

16963 

1.55 

1.04 

0.76 

5.9 

6.2 

39 

16964 

1.44 

0.97 

0.71 

5.4 

5.4* 

40 

16969 

1.57 

1.05 

0.76 

6.1 

6.2 

41 

16970 

1.36 

1.04 

0.75 

6.2 

6.3 

42 

17043 

1.42 

0.97 

0.71 

5.0 

4.8 

43 

17044 

1.34 

1.03 

0.75 

6.0 

6.0 

44 

17047 

1.30 

0.89 

0.66 

4.5 

4.5 

43 

17035 

1.38 

1,06 

0.77 

6.0 

6.2 

46 

17037 

1.61 

1.06 

0.76 

6.8 

6.2 

47 

17038 

1.38 

1.08 

0.80 

5.5 

6.1 

48 

17039 

1.47 

1.00 

0.76 

4.8 

4.8* 

49 

17060 

1.49 

1.01 

0.74 

5.4 

4.6 

50 

17061 

1.30 

1.01 

0.74 

3.6 

4.6 

51 

17062 

1.60 

1.07 

0.78 

6.2 

6.3 

52 

17063 

1.39 

1.06 

0.77 

6.3 

6.2 

33 

17068 

1.60 

1.07 

0.78 

6.2 

6.3 

54 

17069 

1.49 

1.01 

0.74 

3.4 

5.7 

53 

17070 

1.31 

1.02 

0.74 

5.6 

3.8 

56 

17071 

1.54 

1.04 

0.80 

5.0 

6.0 

57 

17072 

1.44 

0,98 

0.72 

5.1 

5.4 

58 

17073 

1.32 

1.03 

0.75 

5.5 

6.0 

59 

17082 

1.48 

1,01 

0.74 

5.2 

5.2* 

60 

17083 

1.56 

1.05 

0.77 

5.9 

6.0 

61 

17084 

1.58 

1.06 

0.77 

6.0 

6.2 

62 

17088 

1.34 

0.92 

0.68 

4.6 

4.9 

*  Extrapolated  values.  Refiner  did  not  report  kinematic  viscosity  at  '20®C, 


TABLE  10.  Kinematic  Viscosities  of  3P-5  Samples  (Continued) 


AL- 

Measured  K  Vis  at 

ExtraDolated  K  Vis  at 

Reported  K  Vis 

Code 

40OC  705c" 

lOOoc  -20OC 

at  -20°C 

No. 

No. 

(104OF) 

(1380F) 

(2120F) 

(.40F) 

(-40F) 

63 

17093 

1.43 

0.99 

0.73 

3.1 

4.4 

64 

17093 

1.47 

1.00 

0.73 

5.3 

4.3 

63 

17098 

1.49 

1.01 

0.74 

3.4 

3.4* 

66 

17099 

1.33 

1.05 

0.77 

3.7 

6.0 

67 

17100 

1.31 

1.02 

0.73 

3.6 

5.7 

68 

17101 

1.33 

1.03 

0.75 

3.8 

6.0 

69 

17108 

1.34 

1.04 

0.76 

3.7 

6.0 

70 

17109 

1.42 

3.98 

0.73 

4.7 

5.1 

71 

17110 

1.44 

0.99 

0.73 

4.9 

4.9* 

72 

17111 

1.48 

1.01 

0.74 

3.2 

4.7 

73 

17116 

1.37 

0.93 

0.71 

4.5 

4.9 

74 

17117 

1.36 

1.06 

0.78 

3.6 

6.0 

73 

17121 

1.46 

1.01 

0.75 

4.8 

3.2 

76 

17124 

1.48 

1.01 

0.74 

5.2 

3.2* 

77 

17123 

1.36 

1.06 

0.78 

3.6 

6.2 

78 

17133 

1.54 

1.04 

0.76 

5.7 

6.2 

79 

17136 

1.47 

1.00 

0.73 

5.3 

5.3* 

80 

17187 

1.32 

0.92 

0.69 

4.2 

4.2* 

81 

17188 

1.47 

1.00 

0.73 

3.3 

5.3* 

82 

17208 

1.36 

1.06 

0.78 

3.6 

6.1 

83 

17-;09 

1.51 

1.03 

0.76 

5.3 

5.7 

84 

17213 

1.37 

0.95 

0.71 

4.5 

4.9 

83 

17216 

1.54 

1.04 

0.76 

5.7 

6.0 

86 

17217 

1.53 

1.04 

0.76 

5.9 

6.5 

87 

17222 

1.46 

1.00 

0.74 

5.1 

5.1* 

88 

17223 

1.34 

1.04 

0.76 

5.7 

6.0 

89 

17223 

1.34 

1.00 

0.71 

7.0 

7.0* 

90 

17226 

1.32 

0.92 

0.69 

4.2 

4.9 

91 

17234 

1.49 

1.04 

0.78 

4.7 

4.7* 

92 

17233 

1.35 

0.93 

0.69 

4.3 

4.6 

93 

17257 

1.31 

0.91 

0.68 

4.2 

3.1 

94 

17270 

** 

»« 

»• 

*» 

93 

17271 

1.39 

0.91 

0.68 

4.2 

4.2* 

96 

17272 

1.47 

1.00 

0.73 

5.3 

5.0 

97 

17275 

1.47 

1.01 

0.75 

5.0 

3.0* 

98 

17304 

1.35 

0.93 

0.69 

4.5 

4.9 

99 

17305 

1.46 

1.00 

0.74 

5.1 

5.1* 

100 

17336 

1.48 

1.01 

0.74 

5.2 

5.2* 

101 

17337 

1.49 

1.01 

0.74 

5,4 

3.4* 

102 

17338 

1.48 

1.01 

0.74 

5.2 

3.2* 

103 

17339 

1.45 

0.99 

0.73 

5.1 

3.1* 

104 

17340 

1.47 

1.01 

0.75 

5.0 

5,0* 

103 

17341 

1.46 

1.00 

0.74 

5.1 

4.4 

106 

17330 

1.46 

1.00 

0.74 

5.1 

5.1* 

107 

17351 

1.40 

0.95 

0.70 

5.1 

4.8 

108 

17332 

1.49 

1.01 

0.74 

5.4 

5.4* 

109 

17356 

1.59 

1,07 

0.78 

6.0 

6,4 

110 

17337 

1.62 

1.09 

0.80 

6.1 

6.4 

111 

17338 

1.60 

1.07 

0.78 

6.2 

6.3 

112 

17339 

1.59 

1.07 

0.78 

6.0 

6.2 

113 

17362 

1.44 

0.98 

0.72 

3.1 

4.6 

114 

17365 

1.45 

1.00 

0.74 

4.9 

4.9* 

113 

17373 

1.51 

1.02 

0.73 

3.6 

5.6* 

116 

17374 

1.36 

1.06 

0.78 

5.6 

6.2 

117 

17373 

1.57 

1.06 

0.78 

5.8 

6.2 

118 

17395 

1.46 

1.00 

0.74 

5.1 

5.4 

119 

17410 

1.53 

1.04 

0.76 

5.5 

3.8 

120 

17411 

1.55 

1.04 

0.76 

5.9 

6.0 

121 

17414 

1.45 

0.97 

0.70 

5.6 

4.8 

122 

17415 

1.40 

0.99 

0,75 

4.2 

4.2* 

*  Extrapolated  values.  Refiner  did  not  report  kinematic  viscosity  at  -20OC. 
*♦  This  sample  was  not  found. 


45 


TABLE  10.  Kinematic  Viscosities  of  3P-5  Samples  (Continued) 


AL- 

Measured 

K  Vltet 

Extrapolated 

Reported  K  Vis 

Code 

40^ 

ibW 

-20OC 

at  -20«»C 

No. 

No. 

(104OF) 

(1380F) 

(2120F) 

(-40F) 

(-40F) 

12.3 

17416 

1.52 

1.03 

0.73 

3.3 

3.5* 

124 

17422 

1.28 

0.89 

0.66 

4.1 

4.9 

123 

17424 

1.38 

1.06 

0.77 

6.1 

6.3 

126 

17496 

1.38 

1.06 

0.77 

6.1 

6.2 

127 

17501 

1.34 

1.04 

0.76 

3.7 

6.3 

12S 

17304 

1.40 

0.96 

0.71 

4.8 

4.8* 

129 

17519 

1.39 

1.07 

0.78 

6.0 

6.1 

130 

17521 

1.30 

0.90 

0.67 

4.3 

4.3 

131 

17522 

1.39 

1.07 

0.78 

6.0 

6.4 

132 

17523 

1.33 

1.03 

0.77 

3.7 

6.1 

133 

17524 

1.34 

1.03 

0.73 

6.0 

6.0* 

134 

17325 

1.50 

1.02 

0.73 

3.4 

5.4* 

135 

17526 

1.39 

0.95 

0.70 

4.9 

4.7 

136 

17527 

1.33 

0.93 

0.70 

4.2 

4.2* 

137 

17531 

1.54 

1.04 

0.76 

5.3 

6.1 

138 

17332 

1.45 

0.99 

0.73 

5.1 

5.1* 

139 

17335 

1.37 

0.94 

0.69 

4.7 

4.8 

140 

17339 

1.42 

0.97 

0.71 

5.0 

4.3 

141 

17343 

1.33 

1.04 

0.76 

5.5 

5.5* 

142 

17332 

1.36 

1.05 

0.77 

3.9 

6.1 

143 

17361 

1.37 

1.03 

0.76 

6.1 

6.3 

144 

17362 

1.36 

0.94 

0.70 

4.5 

4.9 

145 

17363 

** 

*• 

•• 

** 

«• 

146 

17364 

1.40 

0.96 

0.71 

4.8 

4.1 

147 

17365 

1.46 

0.99 

0.73 

5.3 

5.3* 

148 

17367 

1.43 

0.98 

0.72 

4.9 

4.8 

149 

17387 

1.31 

1.03 

0.76 

5.3 

5.3* 

150 

17388 

1.58 

1.06 

0.77 

6.1 

6.3 

151 

17593 

1.45 

0.99 

0.73 

5.1 

3.2 

152 

17600 

1.46 

0.99 

0.73 

3.3 

3.3* 

153 

17602 

1.34 

1.04 

0.76 

5.7 

5.7* 

154 

17603 

1.62 

1.08 

0.78 

6.4 

6.5 

155 

17605 

1.33 

1.04 

0.76 

3.9 

6.2 

156 

17620 

1.35 

0.93 

0.69 

4.5 

4.6 

157 

17622 

1.41 

0.97 

0.72 

4.8 

4.1 

158 

17626 

1.37 

1.03 

0.76 

6.1 

6.1 

159 

17628 

1.37 

0.96 

0.72 

4.3 

5.3 

160 

17640 

1.37 

1.06 

0.78 

5.8 

6.1 

161 

17641 

1.42 

0.97 

0.71 

5.0 

5.4 

162 

17642 

1.33 

1.03 

0.75 

5.8 

5.4 

163 

17643 

1.58 

1.06 

0.77 

6.1 

6.0 

164 

17644 

1.60 

1.07 

0.78 

6.2 

6.5 

165 

17645 

1.61 

1.08 

0.79 

6.2 

6.5 

166 

17646 

1.60 

1.07 

0.78 

6.2 

6.6 

167 

17647 

1.39 

1.07 

0.78 

6.0 

6.0 

168 

17693 

1.61 

1.07 

0.77 

6.5 

6.4 

169 

17700 

1.46 

1.00 

0.74 

5.1 

5.1* 

170 

17701 

1.49 

1.02 

0.75 

5.2 

5.2* 

171 

17706 

1.40 

0.97 

0.72 

4.6 

4.1 

172 

17722 

1.38 

0.95 

0.70 

4.7 

3.9 

173 

17726 

1.38 

1.06 

0.77 

4.1 

6.2 

174 

17727 

1.42 

0.98 

0.73 

‘.7 

4.8 

175 

17728 

1.38 

0.93 

0.70 

4.7 

5.1 

176 

17730 

1.58 

1.06 

0.77 

6.1 

6.1 

177 

17733 

1.34 

1.04 

0.76 

5.T 

6.1 

178 

17734 

1.33 

0.99 

0.78 

3.i' 

3.2* 

179 

17739 

1.40 

0.97 

0.72 

4.6 

4.8 

180 

17740 

1.70 

1.13 

0.82 

6.8 

6.8* 

181 

17747 

1.57 

1.05 

0.76 

6.1 

6.1 

182 

17748 

1.39 

0.95 

0.70 

4.9 

4.1 

183 

17749 

1.36 

0.94 

0.70 

4.3 

4.5* 

184 

17756 

1.40 

0.96 

0.71 

4.8 

4.3 

*  Extrapolated  values.  Refiner  did  not  report  kinematic  viscosity  \\t  -20OC. 
*♦  This  sample  was  not  found. 


46 


TABLE  10.  Kinematic  Viscosities  of  3P-5  Samples  (Continued) 


AL- 

Measured  K  Vis  at 

Extraoolated  K  Vis  at 

Reported  K  Vis 

Code 

40OC 

70OC 

lOOOC 

-20OC 

at  -20OC 

No. 

No. 

(104OF) 

a380F' 

(2120F) 

(-40F) 

(-40F) 

185 

17764 

1.47 

1.00 

0.73 

5,3 

5.3* 

186 

17765 

1.52 

1.03 

0.75 

5.5 

5.6 

187 

17766 

1.53 

1.03 

0.75 

5.8 

5.8* 

188 

17784 

1.43 

0.98 

0.72 

4.9 

4.4 

189 

17785 

1.45 

0.99 

0.73 

5.1 

5.1* 

190 

17786 

1  57 

1.06 

0.78 

5.8 

6.1 

191 

17787 

1.62 

1.08 

0.78 

6.4 

6.4 

192 

17794 

1.53 

1.03 

0.75 

5.8 

5.9 

193 

17795 

1.53 

1.03 

0.75 

5.8 

3.7 

194 

17796 

1.37 

0.94 

0.69 

4.7 

4.6 

193 

17805 

1.61 

1.07 

0.77 

6.5 

6.5* 

196 

17806 

1.55 

1.04 

0.76 

5.9 

5.9* 

197 

17810 

1.40 

0.96 

0.71 

4.8 

4.2 

198 

17811 

1.52 

1.02 

0.74 

5.8 

5.6 

199 

17814 

1.47 

1.00 

0.73 

5.3 

5.3* 

200 

17815 

1.51 

1.03 

0.76 

5.3 

5.3* 

201 

17827 

1.45 

0.98 

0.72 

5.3 

4.0 

202 

17831 

1.53 

1.03 

0.75 

5.8 

5.8 

203 

17832 

1.53 

1.03 

0.75 

5.8 

5.7 

204 

17833 

1.52 

1.02 

0.74 

5.8 

5.5 

205 

17836 

1.54 

1.04 

0.76 

5.7 

5.8 

206 

17837 

1.51 

1.02 

0.75 

5.6 

4.2 

207 

17853 

1.60 

1.07 

0.78 

6,2 

6.3 

208 

17834 

1.60 

1.07 

0.78 

6.2 

5.0 

209 

17855 

1.56 

1.03 

0.77 

5.9 

6.4 

210 

17904 

1.45 

0.99 

0.73 

5.1 

3.9 

211 

17905 

1.61 

1.07 

0.77 

6.5 

6.3 

212 

17906 

1.49 

1,01 

0.74 

5.4 

5.4* 

213 

18106 

1.52 

1.03 

0.75 

5.5 

5.9 

214 

18117 

1.57 

1.05 

0.76 

6.1 

6.1 

215 

18118 

1.67 

Ml 

0.80 

6.7 

6.7* 

216 

18119 

1.68 

1.12 

0.81 

6.6 

7,1 

217 

18122 

1.54 

1.04 

0.76 

5.7 

6.0 

218 

18124 

1.45 

1.00 

0.74 

4.9 

4.9* 

219 

18125 

1.49 

1.02 

0.75 

5.2 

5.2* 

220 

18126 

1.59 

1.07 

0.78 

6.0 

6.1 

221 

18140 

1.46 

0.99 

0.73 

5.3 

5.3* 

222 

18142 

1.34 

0.93 

0.69 

4.3 

4.6 

223 

18153 

1.61 

1.08 

0.79 

6.2 

6.5 

224 

18154 

1.61 

1.08 

0.79 

6.2 

6.5 

225 

18155 

1.44 

0,99 

0.73 

4.9 

4.9* 

226 

18156 

1.44 

0.98 

0.72 

5.1 

3.9 

227 

18158 

1.50 

1.02 

0.75 

5,4 

6.0 

228 

18139 

1.49 

1.01 

0.74 

5.4 

6.0 

229 

18166 

1.45 

0.99 

0.73 

5.1 

3.9 

230 

18167 

1.51 

1.02 

0.75 

5,6 

5.6* 

231 

18169 

1.60 

1.07 

0.78 

6.2 

6.5 

232 

18170 

1.58 

1.06 

0.77 

6.1 

6.2 

233 

18171 

1.59 

1.07 

0.78 

6.0 

6.3 

234 

18172 

1.59 

1.06 

0.77 

6.3 

6.2 

*  Extrapolated  values.  Refiner  did  not  r-^port  kinematic  viscosity  at  -20°C. 
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Figure  38.  Frequency  histogram,  3P-3,  net  heat  of  combustion,  Btu/gal. 

8.  Aromatics  and  Olefins 


Hydrocarbon-type  analyses  for  the  JP-5  samples  were  reported  by  the  refiners,  and  these 
data  were  used  to  prepare  the  frequency  histograms  for  aromatic  and  olefin  content 
shown  in  Figs.  39  and  40,  respectively. 


9.  Hydrogen  Content 


The  limit  for  hydrogen  content  in  3P-5  is  13.4  wt%  minimum  as  deterr  ned  by  ASTM 
D  3701,  "Hydrogen  Content  of  A viat  .i  Turbine  Fuels  by  Low  Resolution  t'luclear 
Magnetic  Resonance;"  however,  only  a  very  few  of  the  suppliers  reported  this  property 
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for  their  san  pies.  The  values  obtained  at  BFLRF  were  by  a  modification  of  ASTM 
D  3178,  Carbon  and  Hydrogen  in  the  Analysis  Sample  of  Coal  and  Coke.  Ten  of  the  63 
samples  analyzed  by  this  method  had  hydrogen  content  below  the  limit  for  3P-5.  Fig.  41 
is  a  frequency  histogram  for  the  3P-5  hydrogen  content  values. 
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Figure  41.  Frequency  histogram,  3P-5,  hydrogen  content 

C.  Comparison  of  3P-8/3P-3  Properties  With  Diesel  Fuel  Properties 

The  concept  of  having  one  fuel  for  use  in  combat  aircraft  as  well  as  combat  ground 
vehicles  and  equipment  is  very  attractive  from  a  logistics  viewpoint.  The  use  of  3P-8 
aircraft  fuel  with  a  -47°C  freezing  point  in  ground  vehicles  during  the  winter  will  avoid 
the  problems  of  wax  crystallization  that  occurs  in  diesel  fuels  with  cloud  points  of  -130C 
and  pour  points  of  -18°C.  Nevertheless,  there  are  concerns  associated  with  use  of  the 
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lighter  JP-8  and  3P-5  in  diesel  engines.  To  address  these  concerns,  certain  3P-8  and 
3P-5  fuel  properties  important  for  satisfactory  operation  of  diesel  engines  were 
examined  more  closely  and  compared  to  the  average  characteristics  of  diesel  fuel. 

The  determined  cetane  numbers  (i.e.,  D  613)  for  the  3P-8  samples  all  met  the 
requirements  of  DF-A,  DF-1,  and  DF-2,  with  one  exception.  One  sample  had  a  cetane 
number  of  38.  The  average  cetane  number  value  for  the  JP-8  samples  evaluated  was 
44.9,  indicating  that  3P-8  fuels  should  have  adequate  ignition  quality  for  use  in 
compression  ignition  engines.  Many  samples,  however,  were  below  the  requirements  of 
F-54,  which  is  45  minimum.  The  3P-5  samples  had  an  average  cetane  number  of  42.7, 
also  indicative  of  adequate  ignition  quality  for  diesel  engine  operation.  Many  of  the  3P-5 
samples,  primarily  those  refined  on  the  west  coast  where  the  crudes  available  are  mostly 
heavy  aromatic,  had  cetane  numbers  below  40. 

The  correlations  between  determined  cetane  numbers,  D  613,  and  cetane  index,  D  976,  or 
four  variable  equation  cetane  index,  D  4737,  were  better  for  the  JP-5  samples  than  for 
the  JP-8  samples,  based  on  the  correlation  coefficients  calcuiated  for  the  two  types  of 
fuels.  The  cetane  index  method,  D  976,  appears  to  be  slightly  better  and  is  simpler  to 
use.  Both  military  specifications  for  aircraft  turbine  fuels,  MIL-T-83133B  for  Grade 
JP-8  and  MIL-T-5624M  for  JP-5,  recommend  the  use  of  this  method  for  calculating  the 
cetane  index.  However,  in  both  methods  it  is  stated  that  the  mid-boiling  temperatures 
may  be  obtained  by  either  D  86,  Distillation  of  Petroleum  Products,  or  D  2887,  Boiling 
Range  Distribution  of  Petroleum  Fractions  by  Gas  Chromatograph.  Method  D  976 
requires  the  50  percent  temperature  determined  by  D  86  be  used  in  the  calculation 
equation;  therefore,  the  statements  in  the  military  specifications  should  be  corrected. 

The  kinematic  viscosity  at  40^0  is  not  a  requirement  for  aircraft  turbine  fuels  but  is 
important  for  diesel  fuel  application;  therefore,  this  property  was  determined  in  all  the 
samples  of  both  JP-8  and  JP-5.  This  kinematic  viscosity  is  of  speciai  concern  because 
the  manufacturer  of  one  fuel  injection  pump  used  in  a  high  density  vehicle  indicated  that 
increased  wear  may  occur  in  its  pump  with  the  use  of  low  viscosity  turbine  engine  fuels. 
In  addition  to  values  obtained  at  the  standard  40°C  temperature,  measurements  were 
made  at  70°C  to  enable  the  estimation  of  viscosities  at  any  desired  temperature. 

Fig.  42  shows  the  viscosity-temperature  relationships  for  both  JP-8  and  JP-5  survey 
samples  and  gives  plots  for  the  average,  minimum,  and  maximum  values  for  each  type  of 
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Figure  42.  Viscosity  temperature  relationships  of  3P-8 
cuid  3P-3  survey  samples 

fuel.  The  3P-5  fuels  show  generally  higher  viscosity  values  than  the  3P-8  samples.  The 
figure  also  shows  the  specification  limits  for  VV-F-800  grades  DF-A,  DF-1  and  NATO 
F-54  fuels.  The  JP-8  fuel  with  the  lowest  kinematic  viscosity  at  40OC,  shown  in  Fig.  42 
as  "3P-8  minimum,"  does  not  meet  the  lower  limit  of  1.1  cSt  at  40°C  for  DF-A;  however, 
most  of  the  JP-8  samples  were  above  this  limit. 

The  National  Institute  for  Petroleum  and  Energy  Research  (NIPER)  Diesel  Fuel  Oils, 
1987  (survey)  (9)  gives  an  average  value  of  kinematic  viscosity  at  lOO^F  for  2-D  fuels  of 
2.87  cSt,  which  is  estimated  to  be  about  2.73  cSt  at  40°C  (104OF).  An  "Ethyl  European 
Diesel  Fuel  Survey,  Winter  1987/1988,"(10)  gives  a  mean  kinematic  viscosity  at  20^0  of 
4.22  cSt  for  53  European  diesel  fuels,  which  is  estimated  to  be  equivalent  to  2.80  cSt  at 
40OC. 
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The  higher  volatility  of  3P-8  when  compared  to  DF-2  has  also  been  a  concern  of  future 
users  of  this  fuel  in  diesel  engines.  To  investigate  this  issue,  true  vapor  pressure  (TVP) 
data  calculated  using  ASTM  Method  D  2889  were  developed  for  3P-8,  1-D,  2-D,  and  JP-4 
fuels  as  shown  in  TABLE  il.  The  data  provide  a  comparison  of  API  gravity,  distillation, 
true  vapor  pressure  at  various  temperatures,  and  other  properties  developed  with  Method 
D  2889.  The  fuels  listed  were  chosen  to  represent  vapor  pressure  extremes  for  each  type 
of  fuel.  The  data  show  that  the  true  vapor  pressures  of  1-D  and  JP-8  fuels  are  in  the 
same  range,  while  the  TVP  for  2-D  is  generally  lower.  The  TVP  for  JP-4  fuels  is  of  an 
order  of  magnitude  higher  than  for  the  other  fuels. 

The  net  or  lower  volumetric  heat  of  combustion  for  3P-8  fuels  is  typically  less  than  that 
for  DF-1  and  F-54  fuels,  which  is  also  of  concern  to  future  users  of  3P-8  because  of 
anticipated  increase  in  fuel  consumption,  TABLE  12  was  constructed  to  provide  an 
estimate  of  the  expected  differences  between  the  net  heat  of  combustion  for  F-54,  and 
the  heats  of  combustion  for  DF-2/2-D,  EPA  certification  fuel,  3P-8,  3P-5,  and  F-65 
fuels.  Two  examples  of  F-65  are  shown:  one  formulated  with  equal  volumes  of  F-54  and 
3P-8,  and  the  other  formulated  with  equal  volumes  of  F-54  and  3P-5.  The  data  show 
about  3.6-percent  loss  in  heating  value  when  going  from  F-54  to  3P-8  and  1.8-percent 
loss  when  going  from  F-54  to  F-65  blended  with  3P-8.  Losses  going  from  F-54  to  3P-5 
and  F-65  made  with  3P-5  were  less  than  those  observed  with  3P-8. 


TABLE  12. 

Net  Heat  of  Combustion 

Net  Heat  of 
Combustion 

%  Change  in  Net 
Heat  of  Combustion 

Fuel  A'/erage 

Btu/lb 

Btu/gal. 

Compared  to  F-54 

DF-2/2-D  Average  Fuels* 

18,396 

130,575 

+2.2 

EPA  Endurance/Certifica¬ 
tion**  Fuel 

18,388 

129,874 

+0.2 

2  F-54  Samples 

18,413 

127,776 

0.0 

93  3P-8  Samples 

18,494 

123,138 

-3.6 

63  3P-5  Samples 

18,456 

125,964 

-1.4 

F-65  (F-54  +  3P-8) 

18,454 

125,457 

-1.8 

F-65  (F-54  +  3P-5) 

18,435 

126,870 

-0.7 

*  Estimated  from  NIPER  1987  survey  data  (9),  assuming  30  percent  average 
aromatics. 

**  Estimated  from  data  for  a  fuel  used  in  certification  tests. 
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11.  Comparison  of  Gravity,  Distillation,  and  True  Vapor 
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V.  CONCLUSIONS  AND  RECOMMENDATIONS 


The  data  reported  herein  indicate  that  many  of  the  3P-8  fuels  being  supplied  in  Europe 
meet  the  DF-1  viscosity  requirements  and  several  fall  in  DF-A  viscositv  range.  Virtually 
all  samples  had  cetane  numbers  of  40  and  above.  The  3P-5  fuels  being  supplied  in  the 
U.S.  meet  the  viscosity  requirements  for  DF-l,  but  many  have  cetane  numbers  below  the 
40  minimum  requirement. 

The  calculation  of  cetane  index  values  by  either  ASTM  method  did  not  correlate 
completely  satisfactorily  when  applied  to  the  3P-8  fuels;  however,  the  correlations 
applied  to  3P-5  fuels  were  satisfactory.  It  is  recommended  that  the  shortcomings  of 
these  correlations  be  investigated  to  determine  if  they  can  be  improved  for  application 
to  3P-8  fuels.  In  the  interim,  the  ASTM  D  976  procedure  for  calculating  cetane  index 
should  be  used  with  50  percent  distillation  temperature  determined  by  ASTM  D  86. 

All  the  3P-5  and  many  of  the  3P-8  fuels  met  the  viscosity  requirements  of  VV-F-800 
grades  DF-A  and  DF-1  diesel  fuels;  however,  a  few  of  the  3P-8  samples  had  values  below 
the  DF-A  limit  of  1.1  cSt,  and  many  were  below  the  DF-1  limit  of  1.3  cSt. 

Based  on  estimated  volumetric  net  heat  of  combustion  values  for  DF-2,  F-54  and  EPA 
certification  diesel  fuels,  and  measured  values  for  3P-8  and  3P-5,  it  would  appear  that 
fuel  consumption  may  increase  when  using  aircraft  turbine  fuels  in  some  diesel  engines. 
However,  some  of  the  other  anticipated  benefits  in  using  these  fuels  such  as  reduced 
nozzle  fouling,  reduced  cold  weather  filter  plugging,  etc.  may  offset  this  lowered  heat  of 
combustion  characteristic. 
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APPENDIX  A 

Frequency  Tabulation  for 
Individual  Property 
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TABLE  A-1.  Frequency  Tabulation  for  3P-S  API  Gravity  (Refer  to  Pig.  i) 


¥ 


Frequency  Tabulntlon 


Claes 

Lover 

liiait 

Upper 

Llait 

Midpoint 

Frequency 

Relative 

Frequency 

CuBUlative 

Frequency 

CUB.  Rel. 
Frequency 

at 

or  below 

40.00 

0 

.0000 

0 

.0000 

1 

40.00 

40.50 

40.25 

0 

.0000 

0 

.0000 

2 

40.50 

41.00 

40.75 

3 

.0323 

3 

.0323 

3 

41.00 

41.50 

41.25 

4 

.0430 

7 

.0753 

4 

41.50 

42.00 

41.75 

2 

.0215 

9 

.0968 

5 

42.00 

42.50 

42.25 

1 

.0108 

10 

.1075 

6 

42.50 

43.00 

42.75 

3 

.0323 

13 

.1398 

7 

43.00 

43.50 

43.25 

1 

.0108 

14 

.1505 

8 

43.50 

44.00 

43.75 

6 

.0645 

20 

.2151 

9 

44.00 

44.50 

44.25 

0 

.0000 

20 

.2151 

10 

44.50 

45.00 

44.75 

10 

.1075 

30 

.3226 

11 

45.00 

45.50 

45.25 

11 

.1183 

41 

.4409 

12 

45.50 

46.00 

45.75 

12 

.1290 

53 

.5699 

13 

46.00 

46.50 

46.25 

19 

.2043 

72 

.7742 

14 

46.50 

47.00 

46.75 

6 

.0645 

78 

.8387 

15 

47.00 

47.50 

47.25 

7 

.0753 

85 

.9140 

16 

47.50 

48.00 

47.75 

1 

.0108 

86 

.9247 

17 

48.00 

48.50 

48.25 

0 

.0000 

86 

.9247 

18 

48.50 

49.00 

48.75 

3 

.0323 

89 

.9570 

19 

49.00 

49.50 

49.25 

4 

.0430 

93 

1.0000 

20 

49.50 

50.00 

49.75 

0 

.0000 

93 

1.0000 

above 

50.00 

0 

.0000 

93 

1.0000 

Mean  «  45.4548 

Standard 

,  Deviation 

-  1.99333 

Median  <■ 

45.8 

TABLE  A-2.  Frequency  Tabulation  for  3P-8  Density  (Refer  to  Fig.  2) 


Frequency  Tabulation 


Lower 

Upper 

Relative 

CuBulative 

Cum.  Rel. 

Class 

Limit 

Limit 

Midpoint 

Frequency 

Frequency 

Frequency 

Frequency 

at  or 

below 

.770 

0 

.0000 

0 

.0000 

1 

.770 

.773 

.772 

0 

.0000 

0 

.0000 

2 

.773 

.776 

,775 

0 

.0000 

0 

.0000 

3 

.776 

.779 

.778 

0 

.0000 

0 

.0000 

4 

.779 

.782 

,781 

4 

.0430 

4 

.0430 

5 

.782 

.785 

.784 

3 

.0323 

7 

.0753 

6 

.785 

.788 

.787 

0 

.0000 

7 

.0753 

7 

.788 

.791 

.790 

5 

.0538 

12 

.1290 

8 

.791 

.794 

.793 

9 

.0968 

21 

.2258 

9 

.794 

.797 

.796 

24 

.2581 

45 

.4839 

10 

.797 

.800 

.799 

14 

.1505 

59 

.6344 

11 

.800 

.803 

.802 

14 

.1505 

73 

.7849 

12 

.803 

.806 

.805 

3 

.0323 

75 

.8172 

13 

.806 

.809 

.807 

3 

.0323 

79 

.8495 

14 

.809 

.812 

.811 

4 

.0430 

83 

.8925 

15 

.812 

.815 

.813 

2 

.0215 

85 

.9140 

16 

.815 

.818 

.817 

3 

.0323 

88 

.9462 

17 

.818 

.821 

.819 

5 

.0538 

93 

1.0000 

18 

.821 

.824 

.823 

0 

.0000 

93 

1.0000 

19 

.824 

.827 

.825 

0 

.0000 

93 

1.0000 

20 

.827 

.830 

.829 

0 

.0000 

93 

1.0000 

above 

.830 

0 

.0000 

93 

1.0000 

Mean  «  0. 

799462 

Standard  Deviation 

-  9.02961E 

-3  Median  «  0.798 

61 


TABLE  A>3.  Frequency  Tabulation  for  3P-8  Flash  Point  (Refer  to  Fig.  3) 


Frequency  Tabulation 


Lover 

Upper 

Relative 

Cumulative 

Cum.  Rel. 

Class 

Limit 

Limit 

Midpoint 

Frequency 

Frequency 

Frequency 

Frequency 

at 

or  below 

36.00 

1 

.0108 

1 

.0108 

1 

36.00 

37.00 

36.50 

1 

.0108 

2 

.0215 

2 

37.00 

38.00 

37.50 

3 

.0323 

5 

.0538 

3 

38.00 

39.00 

38.50 

8 

.0860 

13 

.1398 

4 

39.00 

40.00 

39.50 

0 

.0000 

13 

.1398 

5 

40.00 

41.00 

40.50 

13 

.1398 

26 

.2796 

6 

41.00 

42.00 

41.50 

4 

.0430 

30 

.3226 

7 

42.00 

43.00 

42.50 

10 

.1075 

40 

.4301 

8 

43.00 

44.00 

43.50 

7 

.0753 

47 

.5054 

9 

44.00 

45.00 

44.50 

2 

.0215 

49 

.5269 

10 

45.00 

46.00 

45.50 

5 

.0538 

54 

.  5806 

11 

46.00 

47.00 

46.50 

2 

.0215 

56 

.6022 

12 

47.00 

48.00 

47.50 

4 

.0430 

60 

.6452 

13 

43.00 

49.00 

48.50 

7 

.0753 

67 

.7i'04 

14 

49.00 

50.00 

49.50 

2 

.0215 

69 

.7419 

15 

50.00 

51.00 

50.50 

12 

.1290 

81 

.87:'.0 

16 

51.00 

52.00 

51.50 

4 

.0430 

85 

.9140 

17 

52.00 

53.00 

52.50 

4 

.0430 

89 

.9570 

18 

53.00 

54.00 

53.50 

2 

.0215 

91 

.  9785 

19 

54.00 

55.00 

54.50 

0 

.0000 

91 

.9785 

20 

55.00 

56.00 

55.50 

0 

.0000 

91 

.9785 

21 

56.00 

57.00 

56.50 

1 

.0108 

92 

.9892 

22 

57.00 

58.00 

57.50 

0 

.0000 

92 

.9892 

23 

58.00 

59.00 

58.50 

0 

.0000 

92 

.9892 

24 

59.00 

60.00 

59.50 

0 

.0000 

92 

.9892 

25 

60.00 

61.00 

60.50 

1 

.0108 

93 

1.0000 

above 

61.00 

0 

.0000 

93 

1.0000 

Mean  = 

45.6452 

Standard 

•deviation 

=  5.20168 

Median  = 

44 

62 


TABLE  A-4.  Freqiuency  Tabulation  for  3 P-8  Distillation  (Refer  to  Fig.  4) 


Frequency  Tabulation 


Class 

Lower 

Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

Cumulative 

Frequency 

Cum.  Rel. 
Frequency 

at 

or  below 

143.50 

0 

.0000 

0 

.0000 

1 

143.50 

144.50 

144.00 

3 

.0323 

3 

.0323 

2 

144.50 

145.50 

145.00 

1 

.0108 

4 

.0430 

3 

145.50 

146.50 

146.00 

0 

.0000 

4 

.0430 

4 

146. 5C 

147.50 

147.00 

1 

.0108 

5 

.0538 

5 

147.50 

148.50 

148.00 

3 

.0323 

8 

.0860 

6 

148.50 

149.50 

149.00 

6 

.0645 

14 

.1505 

7 

149.50 

150.30 

150.00 

4 

.0430 

18 

.1935 

8 

150.50 

151.50 

151.00 

7 

.0753 

25 

.2688 

9 

151.50 

152.50 

152.00 

2 

.0215 

27 

.2903 

10 

152.50 

153.50 

153.00 

4 

.0430 

31 

.3333 

11 

153.50 

154.50 

154.00 

8 

.0860 

39 

.4194 

12 

154.50 

155.50 

155.00 

4 

.0430 

43 

.4624 

13 

155.50 

156.50 

156.00 

4 

.0430 

47 

.5054 

14 

156.50 

157.50 

157.00 

3 

.0323 

50 

.5376 

15 

157.50 

158.50 

158.00 

3 

.0323 

53 

.5699 

16 

158.50 

159.50 

159.00 

2 

.0215 

55 

.5914 

17 

159.50 

160.50 

160.00 

3 

.0323 

58 

.6237 

18 

160.50 

161.50 

161.00 

4 

.0430 

62 

.6667 

19 

161.50 

162.50 

162.00 

1 

.0108 

63 

.6774 

20 

162.50 

163.50 

163.00 

8 

.0860 

71 

.7634 

21 

163.50 

164.50 

164.00 

5 

.0538 

76 

.8172 

22 

164.50 

165.50 

165.00 

1 

.0108 

77 

.8280 

23 

165.50 

166.50 

166.00 

3 

.0323 

80 

.8602 

24 

166.50 

167.50 

167.00 

4 

.0430 

84 

.9032 

25 

167.50 

168.50 

168.00 

2 

.0215 

86 

.9247 

26 

168.50 

169.50 

169.00 

2 

.0215 

88 

.9462 

27 

169.50 

170.50 

170.00 

2 

.0215 

90 

.9677 

28 

170.50 

171.30 

171.00 

0 

.0000 

90 

.9677 

29 

171.50 

172.50 

172.00 

2 

.0215 

92 

.9892 

30 

172.50 

173.50 

173.00 

0 

.0000 

92 

.9892 

31 

173.50 

174.50 

174.00 

2^ 

.0108 

93 

1.0000 

above 

1 74 . 50 

0 

.0000 

93 

1.0000 

Mean  ‘ 

=  157.495 

Standard  Deviation 

=  7.35974 

Median 

156 

63 


TABLE  A-3.  Frequency  Tabulation  for  3P-8  Distillation,  10%  Recovered 

(Refer  to  Fig.  5) 


Frequency  Tabulation 


Class 

Lower 

Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

cumulative 

Frequency 

Cum.  Rel. 
Frequency 

at 

or  below 

161.50 

0 

.0000 

0 

.0000 

1 

161.50 

162.50 

162.00 

2 

.0215 

2 

.0215 

2 

162.50 

163.50 

163.00 

0 

.0000 

2 

.0215 

3 

163.50 

164.50 

164.00 

0 

.0000 

2 

.0215 

4 

164.50 

165.50 

165.00 

1 

.0108 

3 

.0323 

5 

165.50 

166.50 

166.00 

3 

.0323 

6 

.0645 

6 

166.50 

167.50 

167.00 

5 

.0538 

11 

.1183 

7 

167.50 

168.50 

168.00 

2 

.0215 

13 

.1398 

8 

168.50 

169.50 

169.00 

1 

.0108 

14 

.1505 

9 

169.50 

170.50 

170.00 

2 

.0215 

16 

.1720 

10 

170.50 

171.50 

171.00 

4 

.0430 

20 

.2151 

11 

171.50 

172.50 

172.00 

7 

.0753 

27 

.2903 

12 

172.50 

173.50 

173.00 

10 

.1075 

37 

.3978 

13 

173.50 

174.50 

174.00 

6 

.0645 

43 

.4624 

14 

174.50 

175.50 

175.00 

3 

.0323 

46 

.4946 

15 

175.50 

176.50 

176.00 

6 

.0645 

52 

.5591 

16 

176.50 

177,50 

177.00 

5 

.0538 

57 

.6129 

17 

177.50 

178.50 

178.00 

4 

.0430 

61 

.6559 

18 

178.50 

179.50 

179.00 

9 

.0968 

70 

.7527 

19 

179.50 

180.50 

180.00 

4 

.0430 

74 

.7957 

20 

180.50 

181.50 

181.00 

5 

.0538 

79 

.8495 

21 

181,50 

182.50 

182.00 

3 

.0323 

82 

.8817 

22 

182.50 

183.50 

183.00 

3 

.0323 

85 

.9140 

23 

183.50 

184.50 

184.00 

2 

.0215 

87 

.9355 

24 

184.50 

185.50 

185.00 

0 

.0000 

87 

.9355 

25 

185.50 

186.50 

186.00 

0 

.0000 

87 

.9355 

26 

186.50 

187.50 

187.00 

2 

.0215 

89 

.9570 

27 

187.50 

188.50 

188.00 

2 

.0215 

91 

.9785 

28 

188.50 

189.50 

189.00 

1 

.0108 

92 

.9892 

29 

189.50 

190.50 

190.00 

0 

.0000 

92 

.9892 

30 

190.50 

191.50 

191.00 

1 

.0108 

93 

1.0000 

above 

191.50 

c 

.0000 

93 

1.0000 

Mean  = 

:  175.656 

Standard  Deviation 

=  6.06396 

Median  » 

176 

64 


TABLE  A-6.  Frequency  Tabulation  for  3P-8  Distillation,  50%  Recovered 

(Refer  to  Fig.  6) 


Prequency  Tabulation 


Lower 

Upper 

Relative 

Cumulative 

Cum.  Rel. 

Class 

Limit 

Limit 

Midpoint 

Frequency 

Frequency 

Frequency 

Frequency 

at 

or  below 

178.50 

0 

.0000 

0 

.0000 

1 

173.50 

179.50 

179.00 

1 

.0108 

1 

.0108 

2 

179.50 

180.50 

180.00 

0 

.0000 

1 

.0108 

3 

180.50 

181.50 

181.00 

0 

.0000 

1 

.0108 

4 

181.50 

182.50 

182.00 

0 

.0000 

1 

.0108 

5 

182.50 

183.50 

183.00 

1 

.0108 

2 

.0215 

6 

183.50 

184.50 

184.00 

0 

.0000 

2 

.0215 

7 

184.50 

185.50 

185.00 

1 

.0108 

3 

.0323 

8 

185.50 

186.50 

186.00 

2 

.0215 

5 

.0538 

9 

186.50 

187.50 

187.00 

2 

.0215 

7 

.0753 

10 

187.50 

188.50 

188.00 

1 

.0108 

8 

.0860 

11 

188.50 

189.50 

189.00 

1 

.0108 

9 

.0968 

12 

189.50 

190.50 

190.00 

1 

.0108 

10 

.1075 

13 

190.50 

191.50 

191.00 

0 

.0000 

10 

.1075 

14 

191.50 

192.50 

192.00 

3 

.0323 

13 

.1398 

15 

192.50 

193.50 

193.00 

2 

.0215 

15 

.1613 

16 

193.50 

194.50 

194.00 

4 

.0430 

19 

.2043 

17 

194.50 

195.50 

195.00 

4 

.0430 

23 

.2473 

18 

195.50 

196.50 

196.00 

3 

.0323 

26 

.2796 

19 

196.50 

197.50 

197.00 

1 

.0108 

27 

.2903 

20 

197.50 

198.50 

198.00 

5 

.0538 

32 

.3441 

21 

198.50 

199.50 

199.00 

3 

.0323 

35 

.3763 

22 

199.50 

200.50 

200.00 

7 

.0753 

42 

.4516 

23 

200.50 

201.50 

201.00 

3 

.0323 

45 

.4839 

24 

201.50 

202.50 

202.00 

12 

.1290 

57 

.6129 

25 

202.50 

203.50 

203.00 

6 

.0645 

63 

.6774 

26 

203.50 

204.50 

204.00 

5 

.0538 

68 

.7312 

27 

204.50 

205.50 

205.00 

1 

.0108 

69 

.7419 

28 

205.50 

206.50 

206.00 

5 

.0538 

74 

.7557 

29 

206.50 

207.50 

207.00 

3 

.0323 

77 

.8280 

30 

207.50 

208.50 

208.00 

2 

.0215 

79 

.8495 

31 

208.50 

209.50 

209.00 

3 

.0323 

82 

.8817 

32 

209.50 

210.50 

210.00 

1 

.0108 

83 

.8925 

33 

210.50 

211.50 

211.00 

1 

.0108 

84 

.9032 

34 

211.50 

212.50 

212.00 

3 

.0323 

87 

.9355 

35 

212.50 

213.50 

213.00 

1 

.0108 

88 

.9462 

36 

213.50 

214.50 

214.00 

1 

.0108 

89 

.9570 

37 

214.50 

215.50 

215.00 

0 

.0000 

89 

.9570 

38 

215.50 

216.50 

216.00 

3 

.0323 

92 

.9892 

39 

216.50 

217.50 

217.00 

0 

.0000 

92 

.9892 

40 

217.50 

218.50 

218.00 

0 

.0000 

92 

.9892 

41 

218.50 

219.50 

219.00 

0 

.0000 

92 

.9892 

42 

219.50 

220.50 

220.00 

0 

.0000 

92 

.9892 

43 

220.50 

221.50 

221.00 

0 

.0000 

92 

.9892 

44 

221.50 

222.50 

222.00 

1 

.0108 

93 

1.0000 

above 

222.50 

0 

.0000 

93 

1.0000 

Mean  = 

200.731 

Standard 

Deviation 

=  7.93471 

Median  » 

202 

65 


TABLE  A-7.  Frequency  Tabulation  for  3P-S  Distillation,  90%  Recovered 

(Refer  to  Fig.  7) 


Frequency  Tabulation 


Class 

Lower 

Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

Cumulative 

Frequency 

Cum.  Rel. 
Frequency 

at 

or  below 

215.50 

0 

.0000 

0 

.0000 

1 

215.50 

216.50 

216.00 

2 

.0215 

2 

.0215 

2 

216.50 

217.50 

217.00 

0 

.0000 

2 

.0215 

3 

217.50 

218.50 

218.00 

0 

.0000 

2 

.0215 

4 

218.50 

219.50 

219.00 

.0323 

5 

.0538 

5 

219.50 

220.50 

220.00 

1 

.0108 

6 

.0645 

6 

220.50 

221.50 

221.00 

2 

.0215 

8 

.0860 

7 

221.50 

222.50 

222.00 

2 

.0215 

10 

.1075 

8 

222.50 

223.50 

223.00 

2 

.0215 

12 

.1290 

9 

223.50 

224.50 

224.00 

3 

.0323 

15 

.1613 

10 

224.50 

225.50 

225.00 

4 

.0430 

19 

.2043 

11 

225.50 

226.50 

226.00 

4 

.0430 

23 

.2473 

12 

226.50 

227.50 

227.00 

4 

.0430 

27 

.2903 

13 

227.50 

228.50 

228.00 

0 

.0000 

27 

.2903 

14 

228.50 

229.50 

229.00 

2 

.0215 

29 

.3118 

15 

229.50 

230.50 

230.00 

1 

.0108 

30 

.3226 

16 

230.50 

231.50 

231.00 

1 

.0108 

31 

.3333 

17 

231.50 

232.50 

232.00 

2 

.0215 

33 

.3548 

18 

232.50 

233.50 

233.00 

0 

.0000 

33 

.3548 

19 

233.50 

234.50 

234.00 

5 

.0538 

38 

.4086 

20 

234.50 

235.50 

235.00 

1 

.0108 

39 

.4194 

21 

235.50 

236.50 

236.00 

4 

.0430 

43 

.4624 

22 

236.50 

237.50 

237.00 

7 

.0753 

50 

.5376 

23 

237.50 

238.50 

238.00 

10 

.1075 

60 

.6452 

24 

238.50 

239.50 

239.00 

5 

.0538 

65 

.6989 

25 

239.50 

240.50 

240.00 

3 

.0323 

68 

.7312 

26 

240.50 

241.50 

241.00 

1 

.0108 

69 

.7419 

27 

241.50 

242.50 

242.00 

4 

.0430 

73 

.7849 

28 

242.50 

243.50 

243.00 

2 

.0215 

75 

.8065 

29 

243.50 

244.50 

244.00 

2 

.0215 

77 

.8280 

30 

244.50 

245.50 

245.00 

1 

.0108 

78 

.8387 

31 

245.50 

246.50 

246.00 

3 

.0323 

31 

.8710 

32 

246.50 

247.50 

247.00 

1 

.0108 

82 

.8817 

33 

247.50 

248.50 

248.00 

2 

.0215 

84 

.9032 

34 

248.50 

249.50 

249.00 

3 

.0323 

37 

.9355 

35 

249.50 

250.50 

250.00 

2 

.0215 

89 

.9570 

36 

250.50 

251.50 

251.00 

0 

.0000 

89 

.9570 

37 

251.50 

252.50 

252.00 

1 

.0108 

90 

.9677 

38 

252.50 

253.50 

253.00 

2 

.0215 

92 

.9892 

39 

253.50 

254.50 

254.00 

0 

.0000 

92 

.9892 

40 

254.50 

255.50 

255.00 

0 

.0000 

92 

.9892 

41 

255.50 

256.50 

256.00 

1 

.0108 

93 

1.0000 

above 

256.50 

0 

.0000 

93 

1.0000 

Mean  = 

235.28 

Standard 

Deviation 

•■=  9.53525 

Median  > 

237 

66 


TABLE  A-S.  Frequency  Tabulation  for  3P>8  Distillation,  End  Point 

(Refer  to  Fig.  8) 


Frequency  Tabulation 


Class 

Lower 

Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative  Cumulative 
Frequency  Frequency 

Cum.  Rel. 
Frequency 

at 

or  below 

225.00 

0 

.0000 

0 

.0000 

1 

225.00 

230.00 

227.50 

0 

.0000 

0 

.0000 

2 

230.00 

235.00 

232.50 

2 

.0215 

2 

.0215 

3 

235.00 

240.00 

237.50 

2 

.0215 

4 

.0430 

4 

240.00 

245.00 

242.50 

10 

.1075 

14 

.1505 

5 

245.00 

250.00 

247.50 

10 

.1075 

24 

.2581 

6 

250.00 

255.00 

252.50 

17 

.1828 

41 

.4409 

7 

255.00 

260.00 

257.50 

13 

.1398 

54 

.5806 

8 

260.00 

265.00 

262.50 

15 

.1613 

69 

.7419 

9 

265.00 

270.00 

267.50 

11 

.1183 

80 

.8602 

10 

270.00 

275.00 

272.50 

7 

.0753 

87 

.9353 

11 

275.00 

230.00 

277.50 

4 

.0430 

91 

.9785 

12 

280.00 

285.00 

282.50 

1 

.0108 

92 

.9392 

13 

285.00 

290.00 

287.50 

0 

.0000 

92 

.9892 

14 

290.00 

295.00 

292.50 

0 

.0000 

92 

.9892 

15 

295.00 

300. UO 

297.50 

1 

.0108 

93 

1.0000 

16 

300.00 

305.00 

302.50 

0 

.0000 

93 

1.0000 

above 

305.00 

0 

.0000 

93 

1.0000 

Mean  = 

^  257.828 

Standard 

.  Deviation 

=  11.484 

Median  »  257 

TABLE  A-9. 

Frequency  Tabulation  for  3P-8  Cetane  Number  (Refer  to  Fig.  9) 

Frequency  Tabulation 

Lower 

Upper 

Relative 

cumulative 

Cum.  Rel. 

Class 

Limit 

Limit 

Midpoint 

Frequency 

Frequency 

Frequency 

Frequency 

at 

or  below 

37.50 

0 

.0000 

0 

.0000 

1 

37.50 

38.50 

38.00 

1 

.0108 

1 

.0108 

2 

38.50 

39.50 

39.00 

0 

.0000 

1 

.0108 

3 

39.50 

40.50 

40.00 

2 

,0215 

3 

.0323 

4 

40.50 

41.50 

41.00 

1 

.0108 

4 

.0430 

5 

41.50 

42.50 

42.00 

7 

.0753 

11 

.1183 

6 

42.50 

43.50 

43.00 

6 

.0645 

17 

.1828 

7 

43.50 

44.50 

44.00 

16 

.1720 

33 

.3548 

8 

44.50 

45.50 

45.00 

24 

.2581 

57 

.6129 

9 

45.50 

46.50 

46.00 

18 

.1935 

75 

.8065 

10 

46.50 

47.50 

47.00 

14 

.1505 

89 

.9570 

11 

47.50 

48.50 

48.00 

3 

.0323 

92 

.9892 

12 

48.50 

49.50 

49.00 

0 

.0000 

92 

.9892 

13 

49.50 

50.50 

50.00 

0 

.0000 

92 

.9892 

14 

50.50 

51.50 

51.00 

0 

.0000 

92 

.9892 

15 

51.50 

52.50 

52.00 

1 

.0108 

93 

1.0000 

above 

52.50 

0 

.0000 

93 

]  .0000 

Mean  = 

:  44.914 

Standard 

Deviation 

=  1.99813 

Median  = 

45 

67 


TABLE  A-10.  Frequency  Tabulation  for  3 P-8  Cetane  Index 

(Refer  to  Fig.  10) 

Frequency  Tabulation 


Class 

Lower 

Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

Cumulative 

Frequency 

Cum.  Rel. 
Frequency 

at 

or  below 

32.00 

0 

.0000 

0 

.0000 

1 

32.00 

33.00 

32.50 

0 

.0000 

0 

.0000 

2 

33.00 

34.00 

33.50 

1 

.0108 

1 

.0108 

3 

34.00 

35.00 

34.50 

0 

.0000 

1 

.0108 

4 

35.00 

36.00 

35.50 

0 

.0000 

1 

.0108 

5 

36.00 

37.00 

36.50 

0 

.0000 

1 

.0108 

6 

37.00 

38.00 

37.50 

0 

.0000 

1 

.0108 

7 

38.00 

39.00 

38.50 

0 

.0000 

1 

.0108 

8 

39.00 

40.00 

39.50 

2 

.0215 

3 

.0323 

9 

40.00 

41.00 

40.50 

2 

.0215 

5 

.0538 

10 

41.00 

42.00 

41.50 

5 

.0538 

10 

.1075 

11 

42.00 

43.00 

42.50 

4 

.0430 

14 

.1505 

12 

43.00 

44.00 

43.50 

11 

.1183 

25 

.2683 

13 

44.00 

45.00 

44.50 

23 

.2473 

48 

.5161 

14 

45.00 

46.00 

45.50 

26 

.2796 

74 

.7957 

15 

46.00 

47.00 

46.50 

15 

.1613 

89 

.9570 

16 

47.00 

48.00 

47.50 

4 

.0430 

93 

1.0000 

17 

48.00 

49.00 

48.50 

0 

.0000 

93 

1.0000 

18 

49.00 

50.00 

49.50 

0 

.0000 

93 

1.0000 

above 

50.00 

0 

.0000 

93 

1.0000 

Mean  = 

45.0538 

Standard 

Deviation 

=  2.07661 

Median  = 

45 

TABLE  A- 

11.  Frequency  Tabulation  for  3P-8  Four  Variable  Equation 
Cetane  Index  (Refer  to  Fig.  1 1) 

Frequency  Tabulation 

Lower 

Upper 

Relative 

Cumulative 

Cum.  Rel. 

Class 

Limit 

Limit 

Midpoint 

Frequency 

Frequency 

Frequency 

Frequency 

at 

or  below 

36.00 

0 

.0000 

0 

.0000 

1 

36.00 

37.00 

36.50 

1 

.0108 

1 

.0108 

2 

37.00 

38.00 

37.50 

0 

.0000 

1 

.0108 

3 

38.00 

39.00 

38.50 

0 

.0000 

1 

.0108 

4 

39.00 

40.00 

39.50 

0 

.0000 

1 

.0108 

5 

40.00 

41.00 

40.50 

1 

.0108 

2 

.0215 

6 

41.00 

42.00 

41.50 

2 

.0215 

4 

.0430 

7 

42.00 

43.00 

42.50 

6 

.0645 

10 

.1075 

8 

43.00 

44.00 

43.50 

4 

.0430 

14 

.1505 

9 

44.00 

45.00 

44.50 

5 

.0538 

19 

.  2043 

10 

45.00 

46.00 

45.50 

14 

.1505 

33 

.3548 

11 

46.00 

47.00 

46.50 

19 

.2043 

52 

.5591 

12 

47.00 

48.00 

47.50 

19 

.2043 

71 

.7634 

13 

48.00 

49.00 

48.50 

18 

.1935 

89 

.9570 

14 

49.00 

50.00 

49.50 

4 

.0430 

93 

1.0000 

15 

50.00 

51.00 

50.50 

0 

.0000 

93 

1.0000 

above 

51.00 

0 

.0000 

93 

1.0000 

Mean  = 

46.7957 

Standard  Deviation 

=  2.27252 

Median  = 

47 

68 


TABLE  A-12.  Frequency  Tabulation  for  JP-8  Kinematic  Viscosity  at 

40OC  (Refer  to  Fig.  14) 


Frequency  Tabulation 


Class 

Lower 

Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

Cumulative 

Frequency 

Cum.  Rel. 
Frequency 

at  or 

below 

1.00 

0 

.0000 

0 

.0000 

1 

1.00 

1.04 

1.02 

0 

.0000 

0 

.0000 

2 

1.04 

1.08 

1.06 

3 

.0323 

3 

.0323 

3 

1.08 

1.12 

1.10 

6 

.0645 

9 

.0968 

4 

1.12 

1.16 

1.14 

11 

.1183 

20 

.2151 

5 

1.16 

1.20 

1.18 

8 

.0860 

28 

.3011 

6 

1.20 

1.24 

1.22 

19 

.2043 

47 

.5054 

7 

1.24 

1.28 

1.26 

14 

.1505 

61 

.6559 

8 

1.28 

1.32 

1.30 

16 

.1720 

77 

.8280 

9 

1.32 

1.36 

1.34 

3 

.0323 

80 

.8602 

10 

1.36 

1.40 

1.38 

3 

.0323 

83 

.8925 

11 

1.40 

1.44 

1.42 

5 

.0538 

88 

.9462 

12 

1.44 

1.48 

1.46 

1 

.0108 

89 

.9570 

13 

1.48 

1.52 

1.50 

3 

.0323 

92 

.9892 

14 

1.52 

1.56 

1.54 

0 

.0000 

92 

.9892 

15 

1.56 

1.60 

1.58 

1 

.0108 

93 

1.0000 

above 

1.60 

0 

.0000 

93 

1.0000 

.tean  =  1 

.25462 

Standard 

Deviation 

=  0.106726 

Median 

=  1.24 

TABLE  A-13.  Frequency  Tabulation  for  3P-8  Kinematic  Viscosity  at 

7(PC  (Refer  to  Fig.  15) 


Frequency  Tabulation 


Class 

Lower 

Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

cumulative 

Frequency 

Cum.  Rel. 
Frequency 

at  or 

below 

.730 

0 

.0000 

0 

.0000 

1 

.730 

.750 

.740 

2 

.0215 

2 

.0215 

2 

.750 

.770 

.760 

0 

.0000 

2 

.0215 

3 

.770 

.790 

.780 

6 

.0645 

8 

.0860 

4 

.790 

.810 

.800 

7 

.0753 

15 

.1613 

5 

.810 

.830 

.820 

9 

.0968 

24 

.2581 

6 

.830 

.850 

.840 

9 

.0968 

33 

.3548 

7 

.850 

.870 

.860 

16 

.1720 

49 

.5269 

8 

.870 

.890 

.880 

12 

.1290 

61 

.6539 

9 

.890 

.910 

.900 

11 

.1183 

72 

.7742 

10 

.910 

.930 

.920 

8 

.0860 

80 

.8602 

11 

.930 

.950 

.940 

4 

.0430 

84 

.9032 

12 

.950 

.970 

.960 

1 

.0108 

85 

.9140 

13 

.970 

.990 

.980 

4 

.0430 

89 

.9570 

14 

.990 

1.010 

1.000 

0 

.0000 

89 

.9570 

15 

1.010 

1.030 

1.020 

3 

.0323 

92 

.9892 

16 

1.030 

1.050 

1.040 

0 

.0000 

92 

.9892 

17 

1.050 

1.070 

1.060 

1 

.0108 

93 

1.0000 

18 

1.070 

1.090 

1.080 

0 

.0000 

93 

1.0000 

19 

1.090 

1.110 

1.100 

0 

.0000 

93 

1.0000 

20 

1.110 

1.130 

1.120 

0 

.0000 

93 

1.0000 

above 

1.130 

0 

.0000 

93 

1.0000 

Mean  =  0. 

875484 

Standard  Deviation 

=  0.0612819 

Median 

=  0.87 

69 


TABLE  A-14.  Frequency  Tabulation  for  JP-8  Kinematic  Viscosity  at 

-20OC  (Refer  to  Fig.  16) 

Frequency  Tabulation 


Lower  Upper  Relative  Cumulative  Cum.  Rel. 

Class  Limit  Limit  Midpoint  Frequency  Frequency  Frequency  Frequency 


2.50  0  .0000  0  .0000 

2.75  2.63  1  .0108  1  .0108 

3.00  2.88  1  .0108  2  .0215 

3.25  3.13  4  .0430  6  .0645 

3.50  3.38  16  .1720  22  .2366 

3.75  3.63  6  .0645  28  .3011 

4.00  3.88  21  .2258  49  .5269 

4.25  4.13  11  .1183  60  .6452 

4.50  4.38  15  .1613  75  .8065 

4.75  4.63  6  .0645  81  .8710 

5.00  4.88  4  .0430  85  .9140 

5.25  5.13  2  .0215  87  .9355 

5.50  5.38  1  .0108  88  .9462 

5.75  5.63  2  .0215  90  .9677 

6.00  5.88  1  .0108  91  .9785 

6.25  6.13  0  .0000  91  .9785 

6.50  6.38  2  .0215  93  1.0000 

6.75  6.63  0  .0000  93  1.0000 

7.00  6.88  0  .0000  93  1.0000 

7.25  7.13  0  .0000  93  1.0000 

7.50  7.38  0  .0000  93  1.0000 

0  .0000  93  1.0000 


Mean  =  4.08602  Standard  Deviation  =  0.70858  Median  =  4 


TABLE  A-i5.  Frequency  Tabuiation  for  3P-S  Suifur  Content 

(Refer  to  Fig.  i7) 

Frequency  Tabulation 


Class 

Lower 

Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

Cumulative 

Frequency 

Cum.  Rel. 
Frequency 

at  or 

below 

.0000 

0 

.0000 

0 

.000 

1 

.0000 

.0200 

.0100 

32 

.3441 

32 

.344 

2 

.0200 

.0400 

.0300 

7 

.0753 

39 

.419 

3 

.0400 

.0600 

.0500 

12 

.1290 

51 

.548 

4 

.0600 

.0800 

.0700 

9 

.0968 

60 

.645 

5 

.0800 

.1000 

.0900 

8 

.0860 

68 

.731 

6 

.1000 

.1200 

.1100 

5 

.0538 

73 

.785 

7 

.1200 

.1400 

.1300 

6 

.0645 

79 

.849 

8 

.1400 

.1600 

.1500 

7 

.0753 

86 

.925 

9 

.1600 

.1800 

.1700 

4 

.0430 

90 

.968 

10 

.1800 

.2000 

.1900 

1 

.0108 

91 

.978 

11 

.2000 

.2200 

.2100 

0 

.0000 

91 

.978 

12 

.2200 

.2400 

.2300 

1 

.0108 

92 

.989 

13 

.2400 

.2600 

.2500 

0 

.0000 

92 

.989 

14 

.2600 

.2800 

.2700 

1 

.0108 

93 

1.000 

above 

.2800 

0 

.0000 

93 

1.000 

Mean  =  0.0710753  Standard  Deviation  =  0.0613341  Median  =  0.06 


at  or  below 

1 

2.50 

2 

2.75 

3 

3.00 

4 

3.25 

5 

3.50 

6 

3.75 

7 

4.00 

8 

4.25 

9 

4.50 

10 

4.75 

11 

5.00 

12 

5.25 

13 

5.50 

14 

5.75 

15 

6.00 

16 

6.25 

17 

6.50 

18 

6.75 

19 

7.00 

20 

7.25 

lOve 

7.50 

70 


r 


is 


TABLE  A-i6.  Frequency  Tabulation  for  3P-8  Net  Heat  of  Combustion, 

Btu/lb  (Refer  to  Fig.  18) 

Frequency  Tabulation 


Class 

Lower 

Llnlt 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

Cumulative 

Frequency 

Cum.  Rel. 
Frequency 

at 

or  below 

18300.00 

0 

.0000 

0 

.0000 

1 

18300.00 

18320.00 

18310.00 

0 

.0000 

0 

.0000 

2 

18320.00 

18340.00 

18330.00 

0 

.0000 

0 

.0000 

3 

18340.00 

18360.00 

18350.00 

0 

.0000 

0 

.0000 

4 

18360.00 

18380.00 

18370.00 

1 

.0108 

1 

.0108 

5 

18380.00 

18400.00 

18390.00 

3 

.0323 

4 

.0430 

6 

18400.00 

18420.00 

18410.00 

5 

.0538 

9 

.0968 

7 

18420.00 

18440.00 

18430.00 

7 

.0753 

16 

.1720 

8 

18440.00 

18460.00 

18450.00 

5 

.0538 

21 

.2258 

9 

18460.00 

18480.00 

18470.00 

9 

.0968 

30 

.3226 

10 

18480.00 

18500.00 

18490.00 

19 

.2043 

49 

.5269 

11 

18500.00 

18520.00 

18510.00 

13 

,1398 

62 

.6667 

12 

18520.00 

18540.00 

18530.00 

17 

.1828 

79 

.8495 

13 

18540.00 

18560.00 

18550.00 

5 

.0538 

84 

.9032 

J.4 

18560.00 

18580.00 

18570.00 

4 

.0430 

88 

.9462 

15 

18580.00 

18600.00 

18590.00 

4 

.0430 

92 

.9892 

16 

18600.00 

18620.00 

18610.00 

1 

.0108 

93 

1.0000 

17 

18620.00 

18640.00 

] 8630.00 

0 

.0000 

93 

1.0000 

18 

18640.00 

18660.00 

18650.00 

0 

.0000 

93 

1.0000 

19 

18660.00 

18680.00 

18670.00 

0 

.0000 

93 

1.0000 

20 

18630.00 

18700.00 

18690.00 

0 

.0000 

93 

1.0000 

above 

18700.00 

0 

.0000 

93 

1.0000 

Mean  = 

■  18494.9 

Standard  Deviation 

=  50.9252 

Median  = 

18499 

TABLE  A-17.  Frequency  Tabulation  for  JP-8  Net  Heat  of  Combustion, 

Btu/gal.  (Refer  to  Fig.  17) 

Frequency  Tabulation 


Class 

Lower 

Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

Cumulative 

Frequency 

Cum.  Rel. 
Frequency 

at 

.  or  below 

120000.00 

0 

.0000 

0 

.0000 

1 

120000.00 

120500.00 

120250.00 

1 

.0108 

1 

.0108 

2 

120500.00 

121000.00 

120750.00 

3 

.0323 

4 

.0430 

3 

121000.00 

121500.00 

121250.00 

4 

.0430 

8 

.0860 

4 

121500.00 

122000.00 

121750.00 

3 

.0323 

11 

.1183 

5 

122000.00 

122500.00 

122250.00 

16 

.1720 

27 

.2903 

6 

122500.00 

123000.00 

122750.00 

24 

.2581 

51 

.5484 

7 

123000.00 

123500.00 

123250.00 

11 

.1183 

62 

.6667 

8 

123500.00 

124000.00 

123750.00 

10 

.1075 

72 

.7742 

9 

124000.00 

124500.00 

124250.00 

7 

.0753 

79 

.8495 

10 

124500.00 

125000.00 

124750.00 

4 

.0430 

83 

.8925 

11 

125000.00 

125500.00 

125250.00 

5 

.0538 

88 

.9462 

12 

125500.00 

126000.00 

125750.00 

2 

.0215 

90 

.9677 

13 

126000.00 

126500.00 

126250.00 

3 

.0323 

93 

1.0000 

14 

126500.00 

127000.00 

126750.00 

0 

.0000 

93 

1.0000 

abovel27000 . 00 

0 

.0000 

93 

1.0000 

Mean 

=  123138 

Standard  Deviation 

=  1264.58 

Median  = 

1228.32 

71 


T^BLE  A-18.  Frequency  Tabulation  for  3P-8  Aromatics  (Refer  to  Fig.  20) 


Frequency  Tabulation 


Lower 

Upper 

Relative 

Cumulative 

Cum.  Rel. 

Class 

Llait 

Limit 

Midpoint 

Frequency 

Frequency 

Frequency 

Frequency 

at 

or  below 

10.00 

0 

.0000 

0 

.0000 

1 

10.00 

10.50 

10.25 

0 

.0000 

0 

.0000 

2 

10.50 

11.00 

10.75 

1 

.0108 

1 

.0108 

3 

11.00 

11.50 

11.25 

1 

.0108 

2 

.0215 

4 

11.50 

12.00 

11.75 

2 

.0215 

4 

.0430 

5 

12.00 

12.50 

12.25 

0 

.0000 

4 

.0430 

6 

12.50 

13.00 

12.75 

3 

.0323 

7 

.0753 

7 

13.00 

13.50 

13.25 

1 

.0108 

8 

.0860 

8 

13.50 

14.00 

13.75 

2 

.0215 

10 

.1075 

9 

14.00 

14.50 

14.25 

1 

.0108 

11 

.1183 

10 

14,50 

15.00 

14.75 

7 

.0753 

18 

.1935 

11 

15.00 

15.50 

15.25 

6 

.0645 

24 

.2581 

12 

15.50 

15.00 

15.75 

8 

.0860 

32 

.3441 

13 

16.00 

16.50 

16.25 

10 

.1075 

42 

.4516 

14 

16.50 

17.00 

16.75 

16 

.1720 

58 

.6237 

15 

17.00 

17.50 

17.25 

10 

.1075 

68 

.7312 

16 

17.50 

18.00 

17.75 

3 

.0323 

71 

.•.’634 

17 

18. OC 

18.50 

18.25 

2 

.0215 

73 

.7849 

18 

18.50 

19.00 

18.75 

10 

.1075 

83 

.8'.^25 

19 

19.00 

19.50 

19.25 

0 

.0000 

83 

.8925 

20 

19.50 

20.00 

19.75 

6 

.0645 

89 

.9570 

21 

20.00 

20.50 

20.25 

2 

.0215 

91 

.9705 

22 

20.50 

21.00 

20.75 

1 

.0108 

92 

.9892 

23 

21.00 

21.60 

21.25 

1 

.0108 

93 

1.0000 

24 

21.50 

22.00 

21.75 

0 

.0000 

93 

l.OOOC 

above 

22.00 

0 

.0000 

93 

1.0000 

Mean  == 

=  16.6989 

Standard 

;  Deviation 

=  2.12012 

Median  - 

16.9 

TABLE  A- 

■i9.  Frequency  Tabuiation  for  3P-S  Oiefins  (Refer  to  Fig.  2i) 

Frequency  Tabulation 

Lower 

Relative 

Cumulative 

Cum.  Rel. 

Class 

Limit 

.Midpoint 

Frequency 

Frequency 

Frequency 

Frequency 

at 

or  below 

.000 

0 

.0000 

0 

.0000 

1 

.000 

.200 

.100 

9 

.0968 

9 

.0968 

2 

.200 

.400 

,300 

9 

.0968 

18 

.1935 

3 

.400 

.600 

.500 

8 

.0860 

26 

.2796 

4 

.600 

.800 

.700 

4 

.0430 

30 

.3226 

5 

.800 

1.000 

.900 

34 

.3656 

64 

.6882 

6 

1.000 

1.200 

1.100 

5 

.0538 

69 

.7419 

7 

1.200 

1.400 

1.300 

3 

.0323 

72 

.7742 

8 

1.400 

1.600 

1.500 

6 

.0645 

78 

.8387 

9 

1.600 

1.800 

1.700 

9 

.0968 

87 

.9355 

10 

1.800 

2.000 

1.900 

2 

.0215 

89 

.9570 

11 

2.000 

2.200 

2.100 

1 

.0108 

90 

.9677 

12 

2.200 

2.400 

2.300 

0 

.0000 

90 

.9677 

13 

2.400 

2.600 

2.500 

2 

.0215 

92 

.9892 

14 

2. 600 

2.800 

2.700 

0 

.0000 

92 

.9892 

15 

2.800 

3.000 

2.900 

0 

.0000 

92 

.9892 

16 

3.000 

3.200 

3.100 

0 

.0000 

92 

.9892 

17 

3.200 

3.400 

3.300 

0 

.0000 

92 

.9892 

18 

3.400 

3.600 

3.500 

1 

.0108 

93 

1.0000 

19 

3.600 

3.800 

3.700 

0 

.0000 

93 

1.0000 

20 

3.800 

4.000 

3.900 

0 

.0000 

93 

1.0000 

above 

4.000 

0 

.0000 

93 

1.0000 

Mean  = 

1.01613 

Standard 

Deviation 

=  0.604025 

Median  = 

=  1 

72 


TABLE  A-20.  Frequency  Tabulation  for  3P-8  Hydrogen  Content 

(Refer  to  Fig.  2i) 


Frequency  Tabulation 


class 

Lower 

Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

Cumulative 
Fi equency 

Cum.  Rel. 
Frequency 

at 

or  below 

13. 2C 

0 

.0000 

0 

.0000 

1 

13.20 

13.33 

13.25 

0 

.0000 

0 

.0000 

2 

13.30 

13.40 

13.35 

1 

.0108 

1 

.0108 

3 

13.40 

13. 5C 

13.45 

3 

.0323 

4 

.0430 

4 

13.50 

13.60 

13.55 

3 

.0323 

7 

.0753 

5 

13.60 

13.70 

13.65 

13 

.1398 

20 

.2151 

6 

13.70 

13.80 

13.75 

25 

.2688 

45 

.4839 

7 

13.80 

13.90 

13.85 

13 

.1398 

58 

.6237 

S 

13.90 

14.00 

13.95 

19 

.2043 

77 

.8280 

9 

14.00 

14.10 

14.05 

11 

.1183 

88 

.9462 

10 

14.10 

14.20 

14.15 

3 

.0323 

91 

.9785 

11 

14.20 

14.30 

14.25 

1 

.0108 

92 

.9r92 

12 

14.30 

14.40 

14.35 

1 

.0108 

93 

1.0000 

13 

14.40 

14.50 

14.45 

0 

.0000 

93 

1.0000 

14 

14.50 

14.60 

14.55 

0 

.0000 

93 

1.0000 

above 

14.60 

0 

.0000 

93 

1.0000 

Mean  = 

13.8806 

Standard 

Deviation 

=  0.181933 

Median 

*  13.9 

TABLE  A-21.  Frequency  Tabulation  for  3P-5  API  Gravity  (Refer  to  Fig.  23) 


Frequency  Tabulation 


Class 

Lower 

Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

Cumulative 

Frequency 

Cum.  Rel. 
Frequency 

at 

or  below 

37.00 

0 

.0000 

0 

.0000 

1 

37.00 

37.50 

37.25 

0 

.0000 

0 

.0000 

2 

37.50 

38.00 

37.75 

1 

.0159 

1 

.0159 

3 

38.00 

38.50 

38.25 

8 

.1270 

9 

.1429 

4 

38.50 

39.00 

38.75 

8 

.1270 

17 

.2698 

5 

39.00 

39.50 

39.25 

2 

.0317 

19 

.3016 

6 

39.50 

40.00 

39.75 

2 

.0317 

21 

.3333 

7 

40.00 

40.50 

40.25 

4 

.0635 

25 

.3968 

8 

40.50 

41.00 

40.75 

4 

.0635 

29 

.4603 

9 

41.00 

41.50 

41.25 

8 

.1270 

37 

.5873 

10 

41.50 

42.00 

41.75 

6 

.0932 

43 

.6325 

11 

42.00 

42.50 

42.25 

4 

.0635 

47 

.7460 

12 

42.50 

43.00 

42.75 

4 

.0635 

51 

.8095 

13 

43.00 

43.50 

43.25 

6 

.0952 

57 

.9046 

14 

43.50 

44.00 

43.75 

0 

.0000 

57 

.9048 

15 

44.00 

44.50 

44.25 

0 

.0000 

57 

.9048 

16 

44.50 

45.00 

44.75 

0 

.0000 

57 

.9048 

17 

45.00 

45.50 

45.25 

3 

.0476 

60 

.9524 

18 

45.50 

46.00 

45.75 

3 

.0476 

63 

1.0000 

19 

46.00 

46.50 

46.25 

0 

.0000 

63 

1.0000 

20 

46.50 

47.00 

46.75 

0 

.0000 

63 

1.0000 

above 

47.00 

0 

.0000 

63 

l.COOO 

Mean  = 

41.1381 

Standard 

Deviation 

=  2.16991 

Median  = 

41.2 

73 


TABLE  A>22.  Frequency  Tabulation  for  3P-3  Density  (Refer  to  Fig.  24) 

Frequency  Tabulation 


Class 

Lower 

Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

Cumulative 

Frequency 

Cum.  Rel. 
Frequency 

at  or 

below 

.780 

0 

.0000 

0 

.0000 

1 

.780 

.783 

.781 

0 

.0000 

0 

.0000 

2 

.783 

.785 

.784 

0 

.0000 

0 

.0000 

3 

.785 

.788 

.786 

0 

.0000 

0 

.0000 

4 

.788 

.790 

.789 

0 

.0000 

0 

.0000 

5 

.790 

.793 

.791 

0 

.0000 

0 

.0000 

6 

.793 

.795 

.794 

0 

.0000 

0 

.0000 

7 

.795 

.798 

.796 

1 

.0159 

1 

.0159 

8 

.798 

.800 

.799 

5 

.0794 

6 

.0952 

9 

.800 

.803 

.801 

0 

.0000 

6 

.0952 

10 

.803 

.805 

.804 

0 

.  0000 

6 

.0952 

11 

.805 

.808 

.806 

0 

.0000 

6 

.0952 

12 

.808 

.810 

.809 

6 

.0952 

12 

.1905 

13 

.810 

.813 

.811 

3 

.0476 

15 

.2381 

14 

.813 

.815 

.814 

4 

.0635 

19 

.3016 

15 

.815 

.818 

.816 

6 

.0952 

25 

.  3968 

16 

.318 

.820 

.819 

13 

.2063 

38 

.6032 

17 

.820 

.823 

.821 

1 

.0159 

39 

.6190 

18 

.823 

.825 

.824 

4 

.0635 

43 

.6825 

19 

.825 

.828 

.826 

1 

.0159 

44 

.6984 

30 

.828 

.830 

.829 

4 

.0635 

48 

.7619 

21 

.830 

.833 

.831 

11 

.1746 

59 

.9365 

22 

.833 

.835 

.834 

4 

.0635 

63 

1.0000 

23 

.835 

.837 

.836 

0 

.0000 

63 

1.0000 

24 

.837 

.840 

.839 

0 

.0000 

63 

1.0000 

above 

.840 

0 

.0000 

63 

1.0000 

Mean  =  o. 

819429 

Standard  Deviation 

=  0.0102669 

Median 

=  0.819 

TABLE  23.  Frequency  Tabulation  for  3P-3  Flash  Point  (Refer  to  Fig.  23) 


Frequency  Tabulation 


Lower 

Upper 

Relative 

Cumulative 

Cum.  Rel. 

Class 

Limit 

Limit 

Midpoint 

Frequency 

Frequency 

Frequency 

Frequency 

at 

or  below 

52.50 

0 

.0000 

0 

.0000 

1 

52.50 

53.50 

53.00 

1 

.0159 

1 

.0159 

2 

53.50 

54.50 

54.00 

1 

.0159 

2 

.0317 

3 

34.50 

55.50 

55.00 

0 

.0000 

2 

.0317 

4 

55.50 

56.50 

56.00 

0 

.0000 

2 

.0317 

5 

56.50 

57.50 

57.00 

0 

.0000 

2 

.0317 

6 

57.50 

58.50 

58.00 

2 

.0317 

4 

.0635 

7 

58.50 

59.50 

59.00 

5 

.0794 

9 

.142“ 

8 

59.50 

60.50 

60.00 

7 

.1111 

16 

.2540 

9 

60.50 

61.50 

61.00 

8 

.1270 

24 

.3810 

10 

61.50 

62.50 

62.00 

14 

.2222 

38 

.6032 

11 

62.50 

63.50 

63.00 

8 

.1270 

46 

.7302 

12 

63.50 

64.50 

■54.00 

6 

.0952 

52 

.8254 

13 

64.50 

€5.50 

65.00 

3 

.0476 

55 

.8730 

14 

65.50 

66.50 

66.00 

3 

.0476 

58 

.9206 

15 

66.50 

67.50 

67.00 

2 

.0317 

60 

.9524 

16 

67.50 

68.50 

68.00 

3 

.0476 

63 

1.0000 

above 

68.50 

0 

.0000 

63 

1.0000 

Mean  > 

62.1111 

Standard 

Deviation 

=  2.90223 

Median  = 

62 

74 


TABLE  A-24.  Frequency  Tabulation  lor  3P-3  Distillation,  10%  Recovered 

(Refer  to  Fig.  26) 


Frequency  Tabulation 


Cli\Ba 

Lower 

Linlt 

Upper 

Linlt 

Midpoint 

Frequency 

Relative 

Frequency 

CuQulative 

Frequency 

cun.  Rel. 
Frequency 

at 

or  below 

185.50 

0 

.0000 

0 

.0000 

1 

185.50 

186.50 

186.00 

1 

.0159 

1 

.0159 

'.i 

186.50 

187.50 

187.00 

0 

.0000 

1 

.0159 

a 

187.50 

188.50 

188.00 

1 

.0159 

2 

.0317 

■t 

188.50 

189.50 

189.00 

4 

.0635 

6 

.0952 

s 

189.50 

190.50 

190.00 

0 

.0000 

6 

.0952 

6 

190.50 

191.50 

191.00 

2 

.0317 

8 

.1270 

7 

191.50 

192.50 

192.00 

4 

.0635 

12 

.1905 

8 

192.50 

193.50 

193.00 

6 

.0952 

18 

.2857 

9 

193.50 

194.50 

194.00 

11 

.1746 

29 

.4603 

10 

194.50 

195.50 

195.00 

3 

.0476 

32 

.5079 

11 

195.50 

196.50 

196.00 

4 

.0635 

36 

.5714 

12 

196.50 

197.50 

197.00 

6 

.0952 

42 

.6667 

13 

197.50 

198.50 

198.00 

4 

.0635 

46 

.7302 

14 

198.50 

199.50 

199.00 

1 

.0159 

47 

.7460 

15 

199.50 

200.50 

200.00 

6 

.0952 

53 

.8413 

16 

200.50 

201.50 

201.00 

7 

.1111 

60 

.9524 

17 

201.50 

202.50 

202.00 

1 

.0159 

61 

.9683 

18 

202.50 

203.50 

203.00 

2 

.0317 

63 

1.0000 

above 

203.50 

0 

.0000 

63 

1.0000 

Mean  * 

195.698 

Standard 

Deviation 

a  4.02666 

Median  * 

195 

TABLE  A-25.  Frequency  Tabulation  f(Mr  3P-5  Distillation,  50%  Recovered 

(Refer  to  Fig.  27) 

Frequency  Tabulation 

Lower 

Upper 

Relative  cunulative 

Cun.  Rel. 

Class 

Linit 

Linit 

Midpoint  Frequency 

Frequency  Frequency 

Frequency 

at 

or  below 

202.50 

0 

.0000 

0 

.0000 

1 

202.50 

203.50 

203.00 

2 

.0317 

2 

.0317 

2 

203.50 

204.50 

204.00 

1 

.0159 

3 

.0476 

3 

204.50 

205.50 

205.00 

1 

.0159 

4 

.0635 

4 

205.50 

206.50 

206.00 

4 

.0635 

8 

.1270 

5 

206.50 

207.50 

207.00 

1 

.0159 

9 

.1429 

6 

207.50 

208.50 

208.00 

2 

.0317 

11 

.1746 

7 

208.50 

209.50 

209.00 

0 

.0000 

11 

.1746 

8 

209.50 

210.50 

210.00 

0 

.0000 

11 

.1746 

9 

210.50 

211.50 

211.00 

2 

.0317 

13 

.2063 

10 

211.50 

212.50 

212.00 

1 

.0159 

14 

.2222 

11 

212.50 

213.50 

213.00 

4 

.0635 

18 

.2857 

12 

213.50 

214.50 

214.00 

9 

.1429 

27 

.4286 

13 

214.50 

215.50 

215.00 

1 

.0159 

28 

.4444 

14 

215.50 

216.50 

216.00 

3 

.0476 

31 

.4921 

15 

216.50 

217.50 

217.00 

7 

.1111 

38 

.6032 

16 

217.50 

218.50 

218.00 

6 

.0952 

44 

.6984 

17 

218.50 

219.50 

219.00 

13 

.  2063 

57 

.9048 

18 

219.50 

220.50 

220.00 

1 

.0159 

58 

.9206 

19 

220.50 

221.50 

221.00 

3 

.0476 

61 

.9683 

above 

221.50 

2 

.0317 

63 

1.0000 

Mean  = 

214.889 

Standard 

Deviation  = 

5.0549 

Median  =  217 

75 


TABLE  A-26.  Frequency  Tabulation  for  Distillation,  9096  Recovered 

(Refer  to  Fig.  2S) 

Fraquancy  Tabulation 


Claas 

Lower 

Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

cumulative 

Frequency 

cum.  Rel. 
Frequency 

at 

or  below 

222.50 

0 

.0000 

0 

.0000 

1 

222.50 

223.50 

223.00 

1 

.0159 

1 

.0159 

2 

223.50 

224.50 

224.00 

1 

.0159 

2 

.0317 

3 

224.50 

225.50 

225.00 

0 

.0000 

2 

.0317 

4 

225.50 

226.50 

226.00 

1 

.0159 

3 

.0476 

5 

226.50 

227.50 

227.00 

0 

.0000 

j 

.0476 

6 

227.50 

228.50 

228.00 

1 

.0159 

4 

.0635 

7 

228.50 

229.50 

229.00 

0 

.0000 

4 

.0635 

8 

229.50 

230.50 

230.00 

1 

.0159 

5 

.0794 

9 

230.50 

231.50 

231.00 

1 

.0159 

6 

.0952 

10 

231.50 

232.50 

232.00 

0 

.0000 

6 

.0952 

11 

232.50 

233.50 

233.00 

3 

.0476 

9 

.1429 

12 

233.50 

234.50 

234.00 

0 

.0000 

9 

.1429 

13 

234.50 

235.50 

235.00 

0 

.0000 

9 

.1429 

14 

235.50 

236.50 

236.00 

1 

.0159 

10 

.1587 

15 

236.50 

237.50 

237.00 

1 

.0159 

11 

.1746 

16 

237.50 

238.50 

238.00 

0 

.0000 

11 

31746 

17 

238.50 

239.50 

239.00 

2 

.0317 

13 

.2063 

18 

239.50 

240.50 

240.00 

1 

.0159 

14 

.2222 

19 

240.50 

241.50 

241.00 

4 

.0635 

18 

.2857 

20 

241.50 

242.50 

242.00 

13 

.2063 

31 

.4921 

21 

242.50 

243.50 

243.00 

8 

.1270 

39 

.6190 

22 

243.50 

244.50 

244.00 

5 

.0794 

44 

.6984 

23 

244.50 

245.50 

245.00 

3 

.0476 

47 

.7460 

24 

245.50 

246.50 

246.00 

2 

.0317 

49 

.7779 

25 

246.50 

247.50 

247.00 

6 

.0952 

55 

.3730  V 

26 

247.50 

248.50 

248.00 

1 

.0159 

56 

.8889 

27 

248.50 

249.50 

249.00 

4 

.0635 

60 

.9524  \ 

28 

249.50 

250.50 

250.00 

0 

.0000 

60 

.9524 

29 

250.50 

251.50 

251.00 

0 

.0000 

60 

.9524 

30 

251.50 

252.50 

252.00 

0 

.0000 

60 

.9524 

31 

252.50 

253.50 

253,00 

1 

.0159 

61 

.9683 

32 

253.50 

254,50 

254.00 

1 

.0159 

62 

.9841 

33 

254.50 

255.50 

255.00 

0 

.0000 

62 

.9841 

34 

255.50 

256,50 

256.00 

0 

.0000 

62 

.9841 

35 

256.50 

257,50 

257.00 

1 

.0159 

63 

1.0000 

above 

257.50 

0 

.0000 

63 

1.0000 

Mean  =  241.952  Standard  Deviation  »  6.58794  Median  243 


TABLE  A-27.  Frequency  Tabulation  for  3P-5  Cetane  Number 

(Refer  to  Fig.  29) 

Frequency  Tabulation 


Lower 

Upper 

Relative 

Cumulative 

Cum.  Rel. 

Class 

Limit 

Limit 

Midpoint 

Frequency 

Frequency 

Frequency 

Frequency 

at. 

or  below 

37.50 

0 

.0000 

0 

.000 

1 

37.50 

38.50 

38.00 

10 

.1587 

10 

.159 

2 

38.50 

39.50 

39.00 

12 

.1905 

22 

.349 

3 

39.50 

40.50 

40.00 

1 

.0159 

23 

.365 

4 

40.50 

41.50 

41.00 

4 

.0635 

27 

.429 

5 

41.50 

42.50 

42.00 

1 

.0159 

28 

.444 

6 

42.50 

43.50 

43.00 

6 

.0952 

34 

.540 

/ 

43.50 

44 . 50 

44.00 

12 

.1905 

46 

.730 

8 

44.50 

45.50 

45.00 

7 

.1111 

53 

.841 

9 

45.50 

46.50 

46.00 

3 

.0476 

56 

.889 

10 

46.50 

47.50 

47.00 

6 

.0952 

62 

.984 

11 

47.50 

48.50 

48.00 

1 

.0159 

63 

1.000 

above 

48.50 

0 

.0000 

63 

1.000 

Mean  = 

42.2698 

Standard 

Deviation 

=  3.16842 

Median  = 

43 

TABLE  A-23.  Frequency  Tabulation  for  JP-5  Cetane  Index 

(Refer  to  Fig.  30) 


Frequency  Tabulation 


Class 

Lower 

Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

Cumulative 

Frequency 

Cue.  Rel. 
Frequency 

at 

or  below 

36.50 

0 

.0000 

0 

.0000 

1 

36.50 

37.50 

37.00 

1 

.0159 

1 

.0159 

2 

37.50 

38.50 

38.00 

4 

.0635 

5 

.0794 

3 

38.50 

39.50 

39.00 

13 

.2063 

18 

.2857 

4 

39.50 

40.50 

40.00 

5 

.0794 

23 

.3651 

5 

40.50 

41.50 

41.00 

1 

.0159 

24 

.3810 

6 

41.50 

42.50 

42.00 

3 

.0476 

27 

.4286 

7 

42.50 

43.50 

43.00 

.0317 

29 

.4603 

8 

43.50 

44.50 

44.00 

9 

.1429 

38 

.6032 

9 

44.50 

45.50 

45.00 

12 

.1905 

50 

.7937 

10 

45.50 

46.50 

46.00 

7 

.1111 

57 

.9048 

11 

46. 5C 

47.50 

47.00 

5 

.0794 

62 

.9841 

12 

47.50 

48.50 

48.00 

1 

.0159 

63 

1.0000 

above 

48.50 

0 

.0000 

63 

1.0000 

Mean  = 

^  42.0984 

Standard 

Deviation 

=  3.15019 

Median  = 

44 
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TABLE  A-29.  Frequency  Tabulation  for  3P-5  Four  Variable  Equation 

(Refer  to  Fig.  31) 

Frequency  Tabulation 


Low^ir 

Upper 

Relative 

cumulative 

Cum.  Rel. 

Class 

Limit 

Limit 

Midpoint 

Frequency 

Frequency 

Frequency 

Frequency 

at 

or  below 

36.50 

0 

.0000 

0 

.0000 

1 

36.50 

37.50 

37.00 

1 

.0159 

1 

.0159 

2 

37.50 

38.50 

38.00 

1 

.0159 

2 

.0317 

3 

33.50 

39.50 

39.00 

11 

.1746 

13 

.2063 

4 

39.50 

40.50 

40.00 

9 

.1429 

22 

.3492 

5 

40.50 

41.50 

41.00 

0 

.0000 

22 

.3492 

6 

41.50 

42.50 

42.00 

2 

.0317 

24 

.3810 

7 

42.50 

43.50 

43.00 

2 

.0317 

26 

.4127 

8 

43.50 

44.50 

44.00 

5 

.0794 

31 

.4921 

9 

44.50 

45.50 

45.00 

8 

.1270 

39 

.6190 

10 

45.50 

46.50 

46.00 

10 

.1587 

49 

.7778 

11 

46.50 

47.50 

47.00 

6 

.0952 

55 

.8730 

12 

47.50 

48.50 

48.00 

3 

.0476 

58 

.9206 

13 

48.50 

49.50 

49.00 

4 

.0635 

62 

.9841 

14 

49.50 

50.50 

50.00 

1 

•  0159 

63 

1.0000 

above 

50.50 

0 

.0000 

63 

1.0000 

Mean  = 

43.5873 

Standard 

Deviation 

=  3.56793 

Median  - 

45 

TABLE  A-30.  Frequency  Tabulation  for  3P-5  Kinematic  Viscosity  at 

tKfiC  (Refer  to  Fig.  34) 


Frequency  Tabulation 


Class 

Lower 

Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

Cumulative 

Frequency 

Cum.  Rel. 
Frequency 

at  or 

below 

1.28 

0 

.0000 

0 

.0000 

1 

1.28 

1.30 

1.29 

2 

.0317 

2 

.0317 

2 

1.30 

1.32 

1.31 

1 

.0159 

3 

.0476 

3 

1.32 

1.34 

1.33 

2 

.0317 

5 

.0794 

4 

1.34 

1.36 

1.35 

1 

.0159 

6 

.0952 

5 

1.36 

1.38 

1.37 

1 

.0159 

7 

.1111 

6 

1.38 

1.40 

1.39 

2 

.0317 

9 

.1429 

7 

1.40 

1.42 

1.41 

3 

.0476 

12 

.1905 

8 

1.42 

1.44 

1.43 

2 

.0317 

14 

.2222 

9 

1.44 

1.46 

1.45 

4 

.0635 

18 

.2857 

10 

1.46 

1.48 

1.47 

9 

.1429 

27 

.4286 

11 

1.48 

1.50 

1.49 

3 

.0476 

30 

.4762 

12 

1.50 

1.52 

1.51 

4 

.0635 

34 

.5397 

13 

1.52 

1.54 

1.53 

3 

.0476 

37 

.5873 

14 

1.54 

1,56 

1.55 

€ 

.0952 

43 

.6825 

15 

1.56 

1.58 

1.57 

7 

.1111 

50 

.7937 

16 

1.58 

1.60 

1.59 

8 

.  1270 

58 

.9206 

17 

1.60 

1.62 

1 .61 

2 

.0317 

60 

.9524 

18 

1.62 

1.64 

1.63 

1 

.0159 

61 

.9683 

19 

1.64 

1.66 

1.65 

2 

.0317 

63 

1.0000 

20 

1.66 

1.68 

1.67 

0 

.0000 

63 

1.0000 

above 

1.68 

0 

.0000 

63 

1 .0000 

Mean  =  1. 

5046 

Standard 

Deviation 

=  0.0907109 

Median 

=  1.52 
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TABLE  A-31.  Frequenv^y  Tabulation  for  JP-5  Kinematic  Viscosity  at 

70OC  (Refer  to  Fig.  35) 


Frequency  Tabulation 


Class 

Lower 

Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

Cumulative 

Frequency 

Cum.  Rel. 
Frequency 

at  or 

below 

.880 

0 

.0000 

0 

.0000 

1 

.880 

.890 

.885 

1 

.0159 

1 

.0159 

2 

.890 

.900 

.895 

1 

.0159 

2 

.0317 

3 

.900 

.910 

.905 

1 

.0159 

3 

.0476 

4 

.910 

.920 

.915 

1 

.0159 

4 

.0635 

5 

.920 

.930 

.925 

2 

.0317 

6 

.0952 

6 

.930 

.940 

.935 

1 

.0159 

7 

.1111 

7 

.940 

.950 

.945 

2 

.0317 

9 

.1429 

8 

.950 

.960 

.955 

1 

.0159 

10 

.1587 

9 

.960 

.970 

.965 

3 

.0476 

13 

.2063 

10 

.970 

.980 

.975 

1 

.0159 

14 

.2222 

11 

.980 

.990 

.985 

7 

.1111 

21 

.3333 

12 

.990 

1.000 

.995 

2 

.0317 

23 

.3651 

13 

1.000 

1.010 

1.005 

7 

.1111 

30 

.  4762 

14 

1.010 

1.020 

1.015 

3 

.0476 

33 

.5238 

15 

1.020 

1.030 

1.025 

3 

.0476 

36 

.  5714 

16 

1.030 

1.040 

1.035 

5 

.0794 

41 

.6508 

17 

1.040 

1.050 

1.045 

6 

.0952 

47 

.7460 

18 

1.050 

1.060 

1.055 

6 

.0952 

53 

.8413 

19 

1.060 

1.070 

1.065 

5 

.0794 

58 

.9206 

20 

1.070 

1.080 

1.075 

2 

.0317 

60 

.9524 

21 

1.080 

1.090 

1.085 

2 

.0317 

62 

.9841 

22 

1.090 

1.100 

1.095 

0 

.0000 

62 

.9841 

23 

1.100 

1.110 

1.105 

1 

.0159 

63 

1.0000 

24 

1.110 

1.120 

1.115 

0 

.0000 

63 

1.0000 

above 

1.120 

0 

.0000 

63 

1.0000 

Mean  =  1 

.01556 

Standard 

Deviation 

=  0.05C793 

Median 

=  1.02 

TABLE  A-32.  Frequency  Tabulation  for  JP-5  Sulfur  Content 

(Refer  to  Fig.  36) 

Frequency  Tabulation 


Class 

Lower 

Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

Cumulative 

Frequency 

Cum.  Rel. 
Frequency 

at  or 

below 

.0000 

0 

.0000 

0 

.000 

1 

.0000 

.0200 

.0100 

13 

.2063 

13 

.206 

2 

.0200 

.0400 

.0300 

12 

.1905 

25 

.  397 

3 

.0400 

.0600 

.0500 

11 

.1746 

36 

.571 

4 

.0600 

.0800 

.0700 

2 

.0317 

38 

.603 

5 

.0800 

.  1000 

.0900 

0 

.0000 

38 

.603 

6 

.1000 

.  1200 

.1100 

5 

.0794 

43 

.683 

7 

.  1200 

.1400 

.1300 

0 

.0000 

43 

.683 

8 

.1400 

.1600 

.1500 

1 

.0159 

44 

.698 

9 

.1600 

.1800 

.1700 

0 

.0000 

44 

.698 

10 

.1800 

.2000 

.  1900 

0 

.0000 

44 

.698 

11 

.2000 

.2200 

.  2100 

0 

.0000 

44 

.698 

12 

.2200 

.2400 

.2300 

10 

.1587 

54 

.857 

13 

.2400 

.2600 

.  2500 

6 

.0952 

60 

.952 

14 

.2600 

.2800 

.  2700 

3 

.0476 

63 

1.000 

above 

.2800 

0 

.0000 

63 

1.000 

Mean  =  0 

.107143 

Standard  Deviation 

=  0.0974254  Median 

VO 

o 

o 

II 
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TABLE  A-33.  Frequency  Tabulation  for  3P-5  Net  Heat  of  Combustion, 

Btu/lb  (Refer  to  Fig.  37) 


Frequency  Tabulation 


Lower 

Upper 

Relative 

cumulative 

Cum.  Rel. 

Class 

Limit 

Limit 

Midpoint 

Frequency 

Frequency 

Frequency 

Frequency 

at 

or  below 

18300.00 

0 

.0000 

0 

.0000 

1 

18300.00 

18320.00 

18310.00 

0 

.0000 

0 

.0000 

2 

18320.00 

18340.00 

18330.00 

1 

.0159 

1 

.0159 

3 

18340.00 

18360.00 

18350.00 

6 

.0952 

7 

.1111 

4 

18360.00 

18380.00 

18370.00 

11 

.1746 

18 

.2857 

5 

18380.00 

18400.00 

18390.00 

5 

.0794 

23 

.3651 

6 

18400.00 

18420.00 

18410.00 

1 

.0159 

24 

.3810 

7 

18420.00 

18440.00 

18430.00 

0 

.0000 

24 

.3810 

8 

18440.00 

18460.00 

18450.00 

2 

.0317 

26 

.4127 

9 

18460.00 

18480.00 

18470.00 

5 

.0794 

31 

.4921 

10 

18480.00 

18500.00 

18490.00 

12 

.1905 

43 

.6825 

11 

18500.00 

18520.00 

18510.00 

6 

.0952 

49 

.7778 

12 

18520.00 

18540.00 

18530.00 

8 

.1270 

57 

.9048 

13 

18540.00 

18560.00 

18550.00 

2 

.0317 

59 

.9365 

14 

18560.00 

18580.00 

18570.00 

3 

.0476 

62 

.9841 

15 

18580.00 

18600.00 

18590.00 

1 

.0159 

63 

l.OOOO 

above 

18600.00 

0 

.0000 

63 

1.0000 

Mean  = 

=  18455.8 

Standard 

1  Deviation 

=  73.6589 

Median  - 

18481 

TABLE  A-34.  Frequency  Tabulation  for  JP-5  Net  Heat  of  Combustion, 

Btu/gal.  (Refer  to  Fig.  38) 


Frequency  Tabulation 


Lower 
Class  Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

Cumulative 

Frequency 

Cum.  Rel. 
Frequency 

at  or  below 

123000.00 

0 

.0000 

0 

.0000 

1 

123000.00 

123250.00 

123125.00 

1 

.0159 

1 

.0159 

2 

123250.00 

123500.00 

123375.00 

1 

.0159 

2 

.0317 

3 

123500.00 

123750.00 

123625.00 

3 

.0476 

5 

.0794 

4 

123750.00 

124000.00 

123875.00 

1 

.0159 

6 

.0952 

5 

124000.00 

124250.00 

124125.00 

0 

.0000 

6 

.0952 

6 

124250.00 

124500.00 

124375.00 

0 

.0000 

6 

.0952 

7 

124500.00 

124750.00 

124625.00 

2 

.0317 

8 

.1270 

8 

124750.00 

125000.00 

124875.00 

4 

.0635 

12 

.1905 

9 

125000.00 

125250.00 

125125.00 

5 

.0794 

17 

.2698 

10 

125250.00 

125500.00 

125375.00 

3 

.0476 

20 

.3175 

11 

125500.00 

125750.00 

125625.00 

3 

.0476 

23 

.3651 

12 

125750.00 

126000.00 

125875.00 

6 

.0952 

29 

.4603 

13 

126000.00 

126250.00 

126125.00 

6 

,0952 

35 

.5556 

14 

126250.00 

126500.00 

126375.00 

7 

.1111 

42 

.6667 

15 

126500.00 

126750.00 

’.26625.00 

4 

.0635 

46 

.7302 

16 

126750.00 

127000.00 

126875.00 

2 

.0317 

48 

.7619 

17 

127000.00 

127250.00 

127125.00 

6 

.0952 

54 

.8571 

18 

127250.00 

127500.00 

127375.00 

7 

.1111 

61 

.9683 

19 

127500.00 

127750.00 

127625.00 

2 

.0317 

63 

1.0000 

20 

127750.00 

128000.00 

127875.00 

0 

.0000 

63 

1.0000 

abovel28000.00 

0 

.0000 

63 

1.0000 

Mean 

=  125964 

Standard 

.  Deviation 

=  1140.42 

Median  = 

126064 
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TABLE  A-35.  Frequency  Tabulation  for  JP-5  Aromatics  (Refer  to  Fig.  39) 


Frequency  Tabulation 


Class 

L(Wer 

Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

Cumulative 

Frequency 

Cum.  Rel. 
Frequency 

at 

or  below 

10.60 

0 

.0000 

0 

.0000 

1 

10.60 

11.30 

10.95 

1 

.0159 

1 

.0159 

2 

11.30 

12.00 

11.65 

0 

.0000 

1 

.0159 

3 

12.00 

12.70 

12.35 

0 

.0000 

1 

.0159 

4 

12.70 

13.40 

13.05 

0 

.0000 

1 

.0159 

5 

13.40 

14.10 

13.75 

0 

.0000 

1 

.0159 

6 

14.10 

14.80 

14.45 

2 

.0317 

3 

.0476 

7 

14.80 

15.50 

15.15 

3 

.0476 

6 

.0952 

8 

15.50 

16.20 

15.85 

9 

.1429 

15 

.2381 

9 

16,20 

16.90 

16.55 

11 

.1746 

26 

.4127 

10 

16.90 

17.60 

17.25 

4 

.0635 

30 

.4762 

11 

17.60 

18.30 

17.95 

7 

.1111 

37 

.5873 

12 

18.30 

19.00 

18.65 

8 

.1270 

45 

.7143 

13 

19.00 

19.70 

19.35 

8 

.1270 

53 

.8413 

14 

19.70 

20.40 

20.05 

0 

.0000 

53 

.8413 

15 

20.40 

21.10 

20.75 

4 

.0635 

57 

.9048 

16 

21.10 

21.80 

21.45 

3 

.0476 

60 

.9524 

17 

2:. .80 

22.50 

22.15 

1 

.0159 

61 

.9683 

18 

21.50 

23.20 

22.85 

2 

.0317 

63 

1.0000 

above 

23.20 

0 

.0000 

63 

1,0000 

Mean  = 

17.8905 

Standard 

Deviation 

=  2.24569 

Median  = 

17.7 

TABLE  A-36.  Frequency  Tabuiation  for  3P-5  Oiefins  (Refer  to  Fig.  40) 

Frequency  Tabulation 

Lower 

Upper 

Relative 

Cumulative 

cum.  Rel. 

Class 

Limit 

Limit 

Midpoint  Frequency 

Frequency 

Frequency 

Frequency 

at 

or  below 

.000 

0 

.0000 

0 

.0000 

1 

.000 

.200 

.100 

2 

.0317 

2 

.0317 

2 

.200 

.400 

.300 

6 

.0952 

8 

.1270 

3 

.400 

.600 

.500 

13 

.2063 

21 

.  3333 

4 

.600 

.800 

.700 

12 

.1905 

33 

.5238 

5 

.800 

1.000 

.900 

11 

.1746 

44 

.6984 

6 

1.000 

1.200 

1.100 

8 

.1270 

52 

.8254 

7 

1.200 

1.400 

1.300 

4 

.0635 

56 

.8889 

8 

1.400 

1.600 

1.500 

1 

.0159 

57 

.9048 

9 

1.600 

1.800 

1.700 

1 

.0159 

58 

.9206 

10 

1.800 

2.000 

1.900 

1 

.0159 

59 

.9365 

11 

2.000 

2.200 

2.100 

2 

.0317 

61 

.9683 

12 

2.200 

2.400 

2.300 

1 

.0159 

62 

.9841 

13 

2.400 

2.600 

2.500 

1 

.0159 

63 

1.0000 

14 

2.600 

2.800 

2.700 

0 

.0000 

63 

1.0000 

above 

2.800 

0 

.0000 

63 

1.0000 

Mean  =  0.920635  Standard  Deviation  =  0.509319  Median  =  0.8 
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TABLE  A-37.  Frequency  Tabulation  for  3P-5  Hydrogen  Content 

(Refer  to  Fig.  41) 

Frequency  Tabulation 


class 

Lower 

Limit 

Upper 

Limit 

Midpoint 

Frequency 

Relative 

Frequency 

cumulative 

Frequency 

Cum.  Rel. 
Frequency 

at 

or  below 

13.00 

0 

.0000 

0 

.0000 

1 

13.00 

13.07 

13.03 

0 

.0000 

0 

.0000 

2 

13.07 

13.13 

13.10 

1 

.0159 

1 

.0159 

3 

13.13 

13.20 

13.17 

0 

.0000 

1 

.0159 

4 

13.20 

13.27 

13.23 

0 

.0000 

1 

.0159 

5 

13.27 

13.33 

13.30 

8 

.1270 

9 

.1429 

6 

13.33 

13.40 

13.37 

11 

.1746 

20 

.3175 

7 

13.40 

13.47 

13.43 

0 

.0000 

20 

.3175 

8 

13.47 

13.53 

13.50 

6 

.0952 

26 

.4127 

9 

13.53 

13.60 

13.57 

7 

.1111 

33 

.5238 

10 

13.60 

13.67 

13.63 

0 

.0000 

33 

.5238 

11 

13.67 

13.73 

13.70 

13 

.2063 

46 

.7302 

12 

13.73 

13.80 

13.77 

8 

.1270 

54 

.8571 

13 

13.80 

13.87 

13.83 

0 

.0000 

54 

.8571 

14 

13.87 

13.93 

13.90 

6 

.0952 

60 

.9524 

15 

13.93 

14.00 

13.97 

2 

.0317 

62 

.9841 

16 

14.00 

14.07 

14.03 

0 

.0000 

62 

.9841 

17 

14.07 

14.13 

14.10 

1 

.0159 

63 

1.0000 

18 

14.13 

14.20 

14.17 

0 

.0000 

63 

1.0000 

above 

14.20 

0 

.0000 

63 

1.0000 

Mean  = 

=  13.6048 

Standard  Deviation 

=  0.221016 

Median 

=  13.6 
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APPENDIX  B 

Supplier-Reported  Data  for 
3P-S  and  JP-5  Tenders 
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TABLE  B-2.  Supplier-Reported  Properties  of  JP-5  Samples  (Continued) 
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TABLE  B-2.  Supplier-Reported  Properties  of  3P-5  Samples  (Continued) 
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TABLE  D-2.  Supplier-Reported  Properties  of  3P-5  Samples  (Continued) 
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TABLE  B-2.  Supplier-Reported  Properties  of  3P-i  Samples  (Continued) 
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TABLE  B-2.  Supplier-Reported  Properties  of  3P-5  Samples  (Continued) 
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Lab  Coda 


TABLE  C-1.  Cetane  Values  for  JP-S  Fuels 

CatSM  Mo.,  CotoM  Indti,  CatOM  indoi, 
Loeatlon  D  613  D  876  0  4737 


M.-1SB66-F 

St  ThtodorLfirtoeo 

•••• 

44.9 

U.8 

46.9 

AL-1602S-F 

St  Thoodori,Grtoco 

46.2 

44.7 

46.6 

M.-16064-F 

Him  in,  Spain 

43.S 

43.0 

44.2 

a-16081-F 

Noreo,Louiaiana 

40.4 

41.0 

42.1 

AL-16234-F 

Siniaport 

43.  i 

U.2 

46.2 

AL*16236'F 

Noroo,Louiaiana 

4i.9 

41.9 

42.9 

4L-162S3-F 

tottardu,  Nothor  landa 

47.9 

47.6 

49.7 

M.>162S4-F 

Rottardu,  Nathar  1  anda 

4S.S 

44.6 

46.1 

AL-16255-F 

Rottardu,  Nathar  1  anda 

46.4 

47.1 

46.9 

AL-162S6-F 

Rottardu,  Nathar  1  anda 

44.6 

44.7 

45.6 

AL-164ie-F 

Huai va, Spain 

Si.9 

46.2 

49.7 

4L-16448-F 

Rottardu,Nathar  iandi 

46.7 

47.2 

48.0 

4L-ie450-F 

Rottardu,  Nathar  1  anda 

47.0 

46.8 

46.6 

AL-16466-F 

St  Thaodorl,Gtaaea 

47.2 

46.0 

47.5 

AL-16S36-F 

Rottardu,  Nathar  i  anda 

48.7 

46.5 

48.2 

AL-16662-F 

St  Thaodori.Graaea 

4S.5 

45.6 

47.2 

AL-16663-F 

St  Thaodorl,Graaea 

4S.3 

45.5 

46.9 

AL-i6676-F 

Hualva, Spain 

42.7 

42.5 

43.2 

AL-16677-F 

Port  Jarua, Franca 

44.9 

44.5 

46.4 

AL-16741*F 

Rottardu,  Nathar  1  anda 

46.1 

47.2 

46.9 

AL'16742-F 

Rottardu,  Nathar  1  anda 

4S.1 

46.1 

46.1 

AL-16743-F 

Rottardu, Nathar  landa 

4S.1 

45.7 

47.9 

AL-16770-F 

Port  JaroM,  Franca 

46.2 

45.4 

47.6 

AL-16771-F 

St  ThaodorltGraacc 

46.0 

46.5 

46.4 

AL-16644-F 

Port  JoroM,  Franca 

43.1 

43.6 

46.2 

AL-1686S-F 

PriolOiSicily 

42.8 

44.3 

46.4 

AI.-17034-F 

Port  JoroM,  Franca 

45.3 

46.8 

46.8 

AL-17042-F 

Rottardu,  Nathar  i  anda 

44.6 

45.5 

47.2 

AL-17067-F 

Caatai Ion, Spain 

41.6 

42.1 

43.3 

AL-17114-F 

St  ThaodoritGraaca 

45.9 

45.6 

46.0 

AL-17115-F 

St  Thaodori.Graaea 

47.3 

45.5 

47.7 

AL-17129-F 

Rottardu.  Nathar  lands 

46.7 

47.6 

49.7 

AL-17130-F 

Rottardu,  Nathar  1  anda 

47.1 

47.0 

46.8 

AL-17131-F 

Rottardu,  Nathar  1  anda 

43.2 

45.3 

47.1 

AL-17132-F 

Rottardu,  Nathar  1  anda 

44.6 

46.7 

46.4 

AL-17186-F 

Priolo,Sieily 

44.7 

45.3 

46.9 

AL-17215-F 

Port  JoroM,  Franca 

43.0 

45.1 

47.0 

AL-17220-F 

Caatai Ion, Spain 

39.6 

39.9 

41.3 

AL-17228-F 

St  Thaodori.Graaea 

43.7 

a.5 

45.3 

AL-17229-F 

St  Thaodori.Graaea 

43.6 

44.2 

46.3 

AL-17230-F 

St  Thaodori.Graaea 

44.4 

45.8 

47.9 

AL-17231-F 

Priolo.Sicily 

47.9 

46.2 

49.2 

AL-17259-F 

Port  JoroM,  Franca 

43.6 

43.7 

45.7 

AL-17260-F 

Priolo.Sicily 

4S.5 

.'6.9 

49.4 

AL-17406-F 

Port  JaroM.Franea 

45.0 

46.6 

46.6 

AL-17425-F 

St  Thaodori.Graaea 

44.4 

45.1 

47.3 

AL-17426-F 

St  Thaodori.Graaea 

;4.o 

44.9 

46.6 

AL-17493-F 

Rottardu.Nathar  lands 

46.7 

45.4 

47.2 

AL-17484-F 

Rottardu,  Nathar  1  anda 

47.3 

44.9 

46.5 

AL-17495-F 

Rottardu,  Nathar  1  anda 

45.9 

45.1 

46.6 

AL-17498-F 

Rottardu,  Nathar  1  anda 

46.6 

45.6 

47.7 

AL'17505-F 

Priolo.Sicily 

47.9 

45.9 

46.9 

AL-17533-F 

St.  Thaodori.Graaea 

45.5 

a.7 

46.8 

TABLE  C-1.  Cetane  Values  for  3P-8  Fuels  (Cont'd) 


C«Um  No.,  CoUim  Indti,  CotMt  Indii, 


Lib  Codi 

Looitlon 

9  813 

9  976 

0  4737 

.AL-ire34-F 

St.  ThoodorltCroteo 

AS.i 

44.6 

46.8 

AL-i7542-F 

Utit  fiiriuy 

A3.7 

46.0 

47.6 

AL-17591-F 

Rottirdu,  Hithir  1  ind< 

a.8 

a.o 

46.0 

AL-i7SS3-F 

St.  ThMdorl,Ctttot 

4S.5 

46.7 

48.5 

AL-17594-F 

St.  ThiodorliGrttet 

AS.i 

47.6 

49.3 

AL*1780l-F 

Witt  Giriiny 

AS.I 

47.4 

49.2 

AL*17616-F 

Ciitillon,Spiln 

A2.0 

40.4 

43.2 

AL'17S17-F 

HuiWi,Spiln 

AA.6 

a.4 

46.0 

AL'17618-F 

Hutlvt,Sptin 

A3.7 

41.7 

42.5 

AL'17619-F 

HwlUiSpiln 

U.8 

47.6 

45.4 

AL-17623-F 

Rottirdu,  Nithir  lindf 

43.6 

46.3 

47.8 

AL-1762A-F 

Rottirdu,  Nithir  i  andi 

AA.S 

45.9 

47.7 

AL'1762S'F 

Rottirdu,  Nithir  i  andi 

44.  S 

44.2 

45.5 

AL-17627-F 

Prlolo, Sicily 

45.0 

46.3 

49.2 

AL-17638-F 

Port  Jirou,Frinei 

45.5 

45.3 

47.1 

AL-1772S-F 

Witt  Giruny 

44.0 

45.6 

47.5 

AL-17736-F 

St.  Thudorl.Griiei 

45.5 

46.6 

46.6 

AL-17737-F 

St.  Thiodorl.Griici 

46.0 

46.2 

48.0 

AL-17738-F 

St.  Thioderi.Griiei 

47.4 

46.1 

47.9 

AL-17767-F 

Priole,Siclly 

48.9 

45.7 

48.6 

AL-17792-F 

Port  Jirou.Ftinei 

44.3 

45.6 

47.6 

AL-17826-F 

Hull v«, Spain 

45.0 

42.5 

43.2 

AL*17a2t-F 

Huilia, Spain 

41.4 

43.7 

U.9 

AL-17830-F 

Hwlva,  Spain 

47.1 

44.9 

45.9 

AL-17835-F 

Wilt  Giruny 

37.8 

31.6 

35.6 

AL-17907-F 

l(illtn|holM,En|land 

43.7 

44.2 

45.1 

AL-1790e-F 

Kllltn|holu,En|land 

44.5 

43.7 

44.8 

AL-16105-F 

St.  Thiodorl,6riici 

45.5 

46.0 

47.6 

AL-ieil8-F 

Rottirdu,  Nithir  landi 

48.0 

46.4 

48.1 

AL'18123-F 

Prlolo, Sicily 

46.3 

45.9 

46.6 

AL-18i33-F 

Huilva, Spall 

44.2 

42.3 

43.1 

AL-1813A-F 

Huilva,Spain 

44.1 

42.8 

43.7 

AL-18i44-F 

AthiM,Grii€i 

45.5 

45.6 

47.5 

AL-18U7-F 

Rottirdu, Nithir  landi 

44.8 

45.3 

46.8 

AL-18157-F 

Rottirdu,  Nithir  1  andt 

47.2 

47.2 

49.0 

AL-18t80-F 

Rottirdu,  Nithir  1  andi 

48.7 

46.5 

46.2 

AL'18iai-F 

Priolo,Sicily 

49.1 

47.7 

49.9 

AL*18183'F 

Athm,Graiei 

45.2 

45.5 

47.3 

AL-18194-F 

Athini,Graici 

44.9 

46.7 

48.0 

AL-1819S-F 

Rottirdu,  Nithir  landi 

48.6 

46.8 

48.7 

AL-18202-F 

Dur  Park,Tiiai 

42.6 

43.9 

45.0 

AL-18203-F 

bur  Park,  Tuan 

43.6 

44.6 

45.7 

AL-18212-F 

Prlolo,Stcily 

46.3 

46.1 

48.8 

AL*182i8-F 

Kllllnikolu, Inf  land 

44.7 

45.9 

46.6 

AL-18219-F 

Athiu,Graioa 

44.6 

U.4 

46.0 

AL-18221-F 

San  Ro^ui,Spain 

41.5 

44.0 

45.2 

AL*ie2a2-F 

Priolo,Slclly 

48.2 

46.6 

49.7 

AL-183()6-F 

Hualva, Spain 

46.7 

42.2 

45.1 

AL-18306‘F 

Hualva, Spain 

44.8 

43.2 

45.0 

AL-18326-F 

Wilt  Giruny 

39.0 

36.2 

39.9 

AL-183A8-F 

Don|ii,Franci 

40.2 

40.6 

42.9 

AL-18349-F 

Donfii, Franco 

41.7 

40.9 

43.8 

AL-ie3S0-F 

Don|ai,Franoi 

43.2 

42.4 

42.4 
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TABLE  C  -2.  Cetane  Values  for  3P-5  Fuels 

CtUiM  No.,  Count  Indti,  CtUnt  Indii, 


Lob  Cod#  Locttlon 

AL-i6775*F  Door  Pitk.rtui 
AL-I^6792-F  Abtlono.Tiiu 
AL*16794*F  Boktrofitld,  Colifornl* 

AL*1(795-F  Bokoritlold,  Ctllfornia 

AI.-16796-F  Door  Park,  Tom 
AL*1662A*F  Otar  Park,Ttjaa 
AL'16d2S-F  8«auunt,Ttiai 
AL*16828*F  Corfut  Chriitl,Ttiat 
AL-1682S-F  Hantord.Callfurnla 
AL-16829*F  Han(ord,Callfornta 
AL-16830*F  N««hatl,CalUornla 
AL-16831-F  Ntohal I, California 
AL-16633-F  Abilono.Ttia* 

AL-1683A-F  Ntobal I, California 
AL-16P3S-F  Nttfhal  I, California 
AL-i6838-F  Datr  Park,Taiat 
AL-ieSAi-F  Door  Park,Ttiai 
AL*16BA2-F  Niohall, California 
AL-186AS-F  Baton  Bou|o,Louiilana 
AL-168A6-F  Eva  Boaeh, Hawaii 
AL-i685A-F  Corpuf  Chrlitl,Ttiat 
AL-iSaSS-F  Ntvball, California 

AL-168S7-F  Nawbal I, California 

AL-ieasa-F  Noobatl, California 

AL-18859-F  NtHhall. California 

AL-16861-F  Dnr  Park,Taiat 
AL-18882-F  Ntobal I, California 

AL-16e83-F  Aufuita, Sicily 
AL-16864*F  Ftrndalt,Uaibln|ton 
AL*1886S<F  Ntwhal I, California 
AL'18868*F  Corpua  Chrlitl,Toiat 
AL*16917-F  Baton  Bouft,Louiilana 
AL-16918-F  Ablitnf,Ttiai 
AL-16919-F  Baton  Bou|o, Louisiana 
AL-169S8-F  Ablltnt,Ttiai 
AL-189B1-F  Novhal I, California 
AL-1B9B2-F  Baton  Bouft, Louisiana 
AL-16963*F  Door  Park, Tout 
AL-1BB64-F  Door  Park,Ttias 
AL-18B69-F  Ntuhall, California 
AL-16B70-F  Ntuba II, California 
AL'170A3'F  Thrtt  Bisors.Ttias 
AL*170a-F  Ntuhall, California 
AL'170A7-F  Corpus  Chrlstl.Ttias 
AL*170S5-F  Baton  Bou|t,Louisiann 
AL-17057-F  Baton  Rou|i,Louisiana 
AL-170S8*F  Baton  Rou|t,Louitlana 
AL-170E9*F  Ablltnt.Ttias 
AL-17060-F  Firndait,Haskln|ton 
AL-i7061*F  Ftrndalt.Hasbinfton 
AL-i7062-F  Baton  louft, Louisiana 
AL-i7083*F  Baton  Bou|t, Louisiana 
AL-17088-F  Ntuhall. California 
AL-i7089-F  Ntuhall, California 
AL-17070-F  Ntuhall, California 
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42.8 

43.4 

44.5 

44.4 

48.1 

47.3 

38.3 

37.7 

38.7 

37.8 

37.7 

38.6 

41.1 

44.3 

45.2 

42.7 

44.5 

45.6 

44.0 

43.8 

42.9 

44.3 

45.2 

46.4 

38.0 

36.7 

37.3 

39.4 

37.5 

38.0 

38.3 

38.5 

38.9 

38.S 

38.8 

39.,  3 

46.5 

46.1 

47.3 

39.4 

39.5 

39.8 

39.7 

39.1 

39.4 

42.1 

45.6 

46.8 

43.'/ 

45.2 

45.9 

39.0 

39.6 

39.8 

43.5 

43.9 

44.5 

43.6 

41.8 

42.3 

44.3 

47.1 

49.0 

37.7 

39.2 

39.4 

38.3 

38.6 

39.1 

38.2 

39.3 

39.5 

38.5 

39.0 

39.4 

45.1 

44.9 

46.3 

39.3 

38.9 

39.2 

43.7 

45.7 

47.1 

40.9 

40.6 

42.6 

39.2 

39.0 

39.4 

43.9 

45.9 

47,6 

46.3 

43.7 

44.2 

45.2 

45.9 

tl.Z 

43.6 

43.4 

43.8 

46.2 

46.7 

46.0 

37.8 

39.4 

41.6 

42.5 

43.7 

44.8 

44.9 

45.0 

46.3 

42.7 

44.6 

45.9 

38.5 

39.6 

39.8 

38.4 

39.4 

39.6 

44.6 

43.7 

45.2 

39.2 

38.9 

39.3 

47.0 

47.4 

49.4 

45.5 

43.9 

44.6 

44.8 

44.3 

44.9 

45.1 

44.5 

45.1 

46.6 

46.5 

47.9 

40.8 

42.1 

44.0 

41.4 

42.3 

44.3 

47.3 

45.4 

46.2 

44.8 

44.5 

45.1 

39.4 

39.8 

40.0 

38.2 

39.0 

39.5 

38.8 

39.0 

39.4 
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TABLE  C-2.  Cetane  Values  for  JP-5  Fuels  (Cont'd) 


CtUnt  No.  4  C«Um  Indti,  Citino  Indti, 


Ub  Codt 

Looitlon 

0  613 

D  976 

D  4737 

‘aL-17071-F 

Novholl.Collfarnlk 

3B.S 

39.S 

39.9 

AL-17072-F 

Door  Pork.Tiiai 

A3.1 

44.4 

45.4 

AL-17073-F 

DNf  Park,  Tom 

43.1 

44.5 

45.5 

AL-17082-F 

Pakadana.Taiiat 

43.  S 

45.0 

46.1 

AL-l70a3*F 

Baton  Bou|o,Louiiiana 

46.7 

45.2 

45.9 

AL  1708A-F 

Baton  Roufo, Lout liana 

47.1 

45.6 

46.4 

AL-170e6-F 

Corpui  Chrliti,Tfiai 

47.9 

47.6 

49.6 

AL-i7235-F 

(Slraeuia)  Sicily 

44.4 

47.3 

49.3 
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